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INTRODUCTION 
'lis %lm ali•«?•#«t s*ll luag b#«a g3?©wii mm 
e©iipaai©a ©rsfs .f©3p «t graas ®«©aiags.» , .la.liiii® • 
»«#diiigt i«flat4 as lagasiis, .©i'gfa«s m^ixttirss, 
msea t&t May » pm.wpesm»% f&« ®3f#'priBarl-
ly alfalfa, x#i tlioTftr, ©f ®w#«% §l©v«3r, grass#® ar# 
teott# g3ra«« ©3r tliaotiiy, ®k« fast growiag s»all 'gayaia# 
pl'Mitti' with tli« • «,««aiag« t© ]^ii> w«»i0 la eltel •TOtil tfe® 
sii«iiisgs mm #®t&felisi»A% 
Oat®-, t&f mmt emmm tmll grala la Icwa, ateout 
§»OOO,p0OO mwm aaaualiy aai Is s«®©ai oaly to ©ora la rnem&m 
In tlMi ®tat«". ' With tte lati©4ii®tloa ©f iis#a»«-,r«»istftiaf, 
stiff»str«w«i- iraifleti«S| e&ta eaa l»« g»iwi'at Mg& levels of 
fertility wltli llttl# taagti? ©f leftglmg. With. t&# Mlgii ylulA® 
peniifel# ma4#3r ®»a#iti©as,. oatt a ay mw to® eeasli#!?#^ a 
profltaM# gmlB'er®Pi xatli»y t^aa simply a. somr©# of «arly 
feifag®, •oi' a- miyan ®i»©P' lt«rvliig t© Ie:»«p W««i# la ®L».ek until 
tk« mm s#«<41ng hm&mmM «st«felist)t«d* 
ixteaslv® lBV«stlgatl©B« la I-wa dttrtag past six 
y«a3?® Mm sfaows 'tMat uitmi&m f«stills«i'« ar« «®pe<»lally ®f-
f®®tiv# la immmim yl«M ©f ©&ts. over 90 p«r ©«iit <3f 
tut ftelia stMi»d gav« a slgaifl©-aat m& prefitabl# Inorea®.# 
t© altrogM fertilizers iS®}# Aa averag# yl#M la&reas# of 7*7 
ims^lmla of ©ate p©r mre wm oht&imSt frm m applieatl.en of . 
go pemnis ef iilti©g#m aa^'a l§ hmgh^X frrn^ 'm^ m»m ©f 
• 40. ©f mitj©g«a atr#. Litewis#, feirtilteatio® wltli 
®0 peamis or »©?# ©f mltr©g#ii gjfiimfii". iae3r«aa«d ©f 
©ats oTsr the 6li«@k plets' w&«a, iM m&t o&mr* 
fkme r©«mlt« ajf# wliat might •aqp«®t@i:, 'la t&» first 
fla©*, eat® ai?«' aeimaHy gTOwa Im tto# r©tati@a r©llisiflag m» 
GT m&m jmm '©f mm* ais' Itaws a lew i«v«2. #f isiitTOgta' 
in -tfe* soil for til© mall grai®. S^^aily,. tke oat crop oast 
ofetaiii its nitrogen ia a retetiir#lr short growing periofl of 
t&r®# aai ofl«-Mlf aamtlis ia tM eool sprii3« smsm wimn amaoaia 
aa€ aitrat® prodteetio-a ia %« soil «» rmlatlvftly low* 
' Psebably mm of t&« K»t iaportast fa®toi« d«t«»iai^ 
prefitmblfi nam of aitiog^a m th# ©at eomfaaioa ©rop la th« 
iaii3r#«t eftmt ttet tS»' f«rtiliz®r-iiay tef« mpoB l»gMi»s »•«««€ 
ia tU» oftt»,. IHI'I# failiir«. of fo^ag#' s««tiiig:s was .aot un* 
©owLon• before •%« &.4mmt . mlMtirmly fertilization of 
#aallgrftimi, •adad^th# loss ©f stasis wmm ®«c«pt«a aa a tmqu«nt 
a.a4'ala<»t..ia«vltall« feaaari 'lo- 'm&uf fwrt# &f'tb0 grala*-b«lt, 
th# prebitm sow %ak«s o» aM«d «lgiiif Itaao#, fli«r» ar« lMi©a« 
tloas- that staai® aaa |-l®ii« ot wii«a 
tM ammmta of AitmMmm f«rtilSs#r aii«a to tli«-oat ©«pa,Hioa 
ero'g are afeof# a o«rtaiii leir«l (3fj-. 
fb® aagfiitii4« ^of r#itt@tioa ©f tli# stmai aai ji®M of 
tl# s©e4iag at all, lev#la of •f«rtilizatl©B -apptar# to b# la-
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larptir (SS, Ef) -ooiiete^ad Ifcat lugaafe aaanot ofetala 
»affl0i«at wattr to swriw la eMp«-lit4®m with graia «^#a 
raiafali is'lialt®i aysiiaa liarTtst tim#. f&ls view was'aiso 
stored toy StaJU.«r  CSO) aa i  Paf l fehsa^o aa i  Is r r iag lom (38,  St ) .  
- laafeiiity ©f "ttit sittiiag t© wittostaa*! iionglits 
ifli«3a grew with a ftrtillzM grsia erop 1» am#'t® a •diiW'Ot «f-
tm&f'ef the. ait»g«tB fertlUa#!- tes aef fe#©a i«t«rttia»fl. 
aarrell CIS) feaad.ttiat 'fej?®,# grass ^m-wn. &lMm. mm le«# afel«-
t® wltlittaiii pio'ls tlian speeias ©a 
low-iatt»0i#s pldts. 
fi!»p®r©ttir® m&j alB© "b# a factor ia tfci# oempetitioa b®-' 
tw#«a i©giaffi»-fra»8 s^efiliiiis aat'eoiapaaloii'©reps, altliotigli tia# 
iiffejf«ii©«jS is t«iip«ratiir« ferttliz#t at eomp®r»i to- aoa-
•f«rtlii2«€ iaall irala« ar« aot lUtetly t# s«ffiet,«atiy great 
t© iafi«»a«e tfe« gr&wtii ©f tit aatiisg %©• a ao-tl «s«aM-« exteat 
(i$,'i?,-il), 0©il t«aperator«sAieli ex«rt »o» iaflati®-® 
©n-fe« i®"rel©fiiiat ©f'tte- I4i« t«p®i?atmr« of tii« 
air sm-rrouadis# ' tcsp-' (IB), msttsliy tary but mer«- tliaa. 
tte.air t«»p«rat«r®.« lari*r -|2f) r^©rt®di impreir<*BiBt la 
sfa-Hi.'©ail' !»«• froa wl€« row spael*'©f tl«» «all 
graia, eoaptai^m ©rop whmn saamer t«apirator#s- ar» ab©"?® jaemai 
ia Oklaliema* »ir*'r»r* tli« t«]^r6tuir«-s-,atty' hm ©f 1«S8 
iiapo:rt«## than tk« l-of ^elstar® , ©oaii tioas tMt mai'ally 
©eapntitiea l-fttwtaa mmpmlm, ©-tops f©r mmtrieats way • 
©irltloal madar e@rtaia Is I©wa ezpeMBrnts 
r«,itietioas of lay,, follswlng uitmgm f«rtl* 
liaaM'©ii ©f tke oat qt&p mmm aet«4.,- .aa att«apt -was 
raa€» -to^ Ump t&t l%ml ©f ©tla^ nmtwimmts la tfe® sell malfamly 
'high on all plots, f&ls was aetoBfllsfeti fey vmifom. appliea» 
ti#a» ef llm«, flesplieittsaai p©t&®siwtt,. wli#r© t© all 
pl©ta^. Stlsea,' #t al* iSf| ti»t *»iMr»a0liig tlie plios-
ph#rtt» ma p^tassim f»rtlllty of m# sell dees aot aiaimizt 
%hB: ttfrgssif# ©f a.itr«g«ii ©m tli© followiag hay ylelia**, 
efeapaaa CM) a©«s met'^atl^tly agw« with tails ©daelusleii.. i# 
statM timt p&©8|i&03m» ftirtillzatioii may refiuee tl« 
i«pr«s»iag ©ff«et of »itreg«» ©a yteM of l«g»,a«8» litTOgen, 
per »§, S©#s aet i«py#'0s th© gr©wt& of l«gtia®» ^SS), but may 
stlaf lat«^ «arly iB7)« fb# t«tjplm«Btal ®ff©Gts ©a tli«. 
l#.@im«s we«li'a.pp««r to %« aa. oa«. jrosmltlag imm lini 
laewast^ ©©iip«tltl©a ©f tfe« small ^ala,®»'lts gwmth is in* 
©»a»«a fey iiit»i»s f#rtlliEaMea (§£)• Imer^astd nitmtmB in 
mm -a®!! haf® fe«ea f©«M t® r'®salt ia gm&tmr t©p grewtto tad ia 
m ia©r®as® ia tli» rati© of tefa %e 3»©te la .laali gralBS lad 
gTO0S«s (g®, S3» 5i|, Mt'sot ia C28). fkm laiir«as#d 
top- growtb. ©f saall g-raias iBt©»ifi#S' sftaaing^ wfeieto mmj b« 
limiMag faetojr In ®«eiirias goo^ legwa® stands and yl^Ws 
ia mm ai<l-w«st Bimm tli» p2»0l>l«» appear® to r«8\ilt 
primarily fr« atwys# llglit .»»latie>a®liips hmtwmmn mrn^mim 
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tern it J wife 'Other teaditi-oas fsTeyalsle m« iM&wm® a.iifol« anS 
l«e©Bt gTmR mA m« iiit«rm©i#s &m .eea««iiat stoytei*,. As tlm 
ll^t lat»i».lty 1» ©p t© a vsltte «f, &ppTOx4aat«ly tO ; 
t© m ptf ©®at «3f full aialigtot, lia*»s attala a maxima sl2«. 
At point iei#t ©f %•« flsat is also aaicimm, A far-
tli#f iae*#as« in li^t ia.t«i®it|* wp t© full suallght la® ls#«a 
shmm to r»TOlt ia jiaats .wttli a -^iglit ieorea®# ia^Jitl^it, la 
l«iig'tli of i,at«i?soi«, «a ia ayea ©f it'sves, 'Isat witt en Increase 
ia p»re«atag« ©f €rf m-att^r', is ©f ¥raa©^», @«i iii mizm 
©f r©et® (1.,. 10», U, IS, it, 4©, 4®, Si).. 
fli« attttal llgfet iat«aslty fox swTivtl at 
a©®t plants,., if ©tfe^r ©oaiitloa® art fa-rorafeli, i®-ealy oae to 
fiv# f#x mm% ®f fmll sttallg&t Hil# ©ai la ©loe# t© Ida.# tsuLu# 
at wliicli fl.©t«S8yBtli@ai« lialaae#'# rtspiretiea i'4®}, l!©w©T®r, 
msier fi#li ©onfli-WLoBS it is set p©».iilsX« fer.pl.aats t© mxrrivm 
iM'®ftait®ly with m^^h. low ist®W'iti#S|' sine© -t&«y wmt proamee 
siiff ieisat .food »s®r'ms to tsateln t© ®i#t-tl« o t3a#r m-
f&r&m'blm e^aSitieaa wiiie fa ^ almost always fwf-ail (4®K 
iat«iisity also iiiS««t®#s, t®- soai! «:rteat,, tai« 
miaaral B.mtriti©ii of plants, fartletil&rly -^eir nitmgmm »«-• 
tab©llm,» t33il®»s 'plaiitt mmifm ea&mgli light,f©r rapi-fl photo-
sy®tli«®ia| ti»#y aoo-ttTOtlat#'aitTOg#® Ismt ©aaaot uMliz# it 
®ff#etiv^r, ©©awr««ly, if light is aa«twat« Wt tlisy i© 
Bot re#«iTe sttffi@i#at aitrsgea,, tii'»y aeeawtilat® earfe©liydrat«a 
%mt eajia©t mtiliz© tMea sff#0tlv«»ly (SO, 44K 
.Lew light iatnaslty aay-fe# -fee ©atis® ©f the iiffiewlty 
•mswally attrltentM to iasuffleiaat «©litttir« ^«ii mm 
gie-mu-wim mmpmimm. ©reps |ig|» a# «i»%«rliig". of , l©.@iffl# 
s«©ilBg@ If TMk gr0wtli ©f smXl gyaim m&f 1« a pr©blea ef 
iiiTOffiei«iit liflt |i4, Sf|, ais is #®p®ela,liy lltelj whsa 
til# •graiffl lias l®dg«i Tiif» fe®tt«r staaa# ani. 'i-lelfis 
talii«4 wimm. Xmgnmms &m §mwn with ©ats la wia® rows in ay«a0 
of le» raiafall {tfp 38, 3t| naf p.ayar, t© 
sJtoiisg hf tli« tompaaieii <i»f, 
' Whll# trelialaary f#s«lt# iMieafei a grsat i-eauetism ta 
Itgst iatftssitj mad©y ;ait»3,i«a f«ytiliE«d <»ts ia lewa^ 0th§3? 
fa0to.jps aay fee #pi!:ratiiig maA«r ali-w#st «Mltl©as* FaTiydi®;!!!:© 
, C5S» S9| .aat i©a«l. (M| .poimt ©at tliat small grains 
fswimt# at 1« tatpei-a^wes aa€ lia'r# a l>©tt«r ,i«v#l@p«i TOot 
syst« tliam m^st plants ot tfe# mm skailag 
toy small gral-as may limit roet t(if«l#p»Bt Im l#gw«0 m% t© 
Ite, Isw ®ai?fe#fefirat# .«fily f?f l«gaa^f |g4., 4i, , ais im 
Mm ll»ii|» tli«ability t© for meistmr# amt 
iawiir©» It is al»© ,pe#sili» tMt tb© plaatB m&f sutfmv^ 
ialmsT as , a 'mmXt of dlreet ©j? la'dir««t «ff#ets ©f ll.mi.,tAiig 
li^t |mt«asiM.«s ©a. .absergtiea ©f siolttt«ii. trani-iJiratieE,, ©r 
GthmM iha»«s of atttyitloaft. fh<9®« way o«owr iA«a -yi® aaeuiit of 
fmrlieliytea.t#® exceeds ttoat rt%ttir«€ ia rti8pir«1i.©n^ • 
A g3r#at fleal of wQrk kas to«eii ioa® ©a Mm ©aatrcil of w#eis 
by-®r@p »ai>«titi©m fMis profelism i» t«it« simi-
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Slae« tli# ieasitf m& ©f grasses Is r#lat«i 
al-fer©i«a ^aiaitiesaX aitrogea. a^ay i#p3?»ss th# l«guBia©ma 
sp»®i#8 iaereaslag tfe# i#gy«#, of ^shadiag wltbwt ai^ 
iijroet eff«et oa the lepimt,. -QNi##!. { M l  f m n &  tli« las# of «• 
monivm phosptoat# fertilizer a»03?tased tb# pere«atag«. of waitd 
seeds pi©aue©4 la fl»lis of smll grala, 'fkm psretateg# ef 
w®@t sii#4s Is tlie grain wat reiatti, from i4,l t© gS»7 p®r ®«at 
fey'fertiiizaties, ' I««,iry rat« of plaatlag t©g«th«r •«! th t!a« 
f«rtilia©r a«i;or«a#e4 it frm §4 to ? ptr ©eat.* farly aai 
s^allew 8®#diag f©r qmiek •B&rgea## ©f small graia,. aM tli« 
m®« of ftrtll-iz^r ®iii b«avy st«diiig rat«».to a©o«l«rat® tM® 
fdxmattea of a sat of ©©ir®ai roots aai sliaa# .i» r«9f»»«ai<»d 
fdr w»«€ ®6atrol la. lest Gaa»€a {M}, • 
Sfis®s. iaT«stlgat©rs iiav®'fonsi "tiat altr©g®s fertiliser®, 
llle r«dme#4 ilgtot iat#a«ltl#s,. immmm t%« ratio, of taps to 
raeta (ig, 4®K fara»r (S5| •xplai»®€ tMs r«ftm§tl©ii ©f ttot 
r»t-t©p rati© W mi%m§m fertiltis«rs m tH® Mais-of 
. ©r«a»«i. «i.pply ©f fm redts, .-^kUh. my telag 
a^mt m mhmlmte ©r a ml&tim retwtlea ©f r©ot growtfe, • M» 
ebs^rfed that llalt«t i»«teotoyfirat# sapfll®® app«ar. t© retmri. 
tit ilff®r#ati.ati0m m€ growth ©f plaat r©©ts t© a gr»at«r 
tsc'teiit tUsai plant tops, 
fl»t@fa«r, «t al» tig) a«jt«t rtpt-6t«t imtmme in obi© 
f#rtllia«r «3jf©.ria«ats whir© g©#t Itgsia# staats w#r# obtalati 
m maf®rtilla#€ plot®, w&ll« tMa st&aas w«r« ©btalMd ©a 
-IE-
th# pl®ts w1iSj§Ii pi?otia@»i-a raa& girowtli of w3a«at. 
lelsoB, »t al. {3S, 3f) strnted tlat ^Bprmsim of' -yi«M» 
©f tti# foll@idiig May erep aay it sltEogen-fnftllizftr is 
msed at rat«s# i4S-) e©ii«lmA»i timt 
nitrogeaoms iae»a«ei tli«. 
«rop plants aaS mteh te ©f tM® l®#ia#^ wtoem-
' t&«y w#r® gtewa togtt&ei?. 0©4©1 CSi) fowai ttot ameaiwa 
plj.©«phat«, ftytlliaei-s ®Balil<ia small giralni to o©mp«t« a©r« 
»ti©e«#,»fttlly wittot all ©f w#«€s .gsewi^ag -^tli m® garala* 
Thm^ mgmtmtirm 'rm-^omae ef small graia pmt-m#a ia a-»©»» 
faTO»bl« pssitiea •%© ©Italaat© 
lapobllsliit 4a.t« fTOs tfei« Iowa MgwimlMmX Ww§»idmM 
Station CAftustiE tafelas 1, -S) »k©w ^at is iS fi«M 
«3Ep«riii«ats wryiag &f ni%mgm fe?ttli2«r appll#i %& 
Cliatoa ©at» slgalfltaatly iae.r#as«i oat yields ©ir#r thm 
eiteeto is mow%- fi«ias, • Applitatieas- ©f SO pattuds of aitrogta 
ia@r#©»«i yi^lts ia m fer emt ©f trial® wliil« 4©--aai ' 
©0-p©MaA i®fli@ati«iai lBeir#as«a yi«lll« la fO saft. SO mnt-
©f Hi® «xpiTiia«Bt»,,, r#®p©.etit«ly. fii« bay yi«ia» tli# fallowing 
ytair ea tte»« ©xp^jpiatrnts vmm sigsifiesatly r®tme©a,, a» co®- . 
f.a»i to 0h®ek.yl«lt«, ,im go, 3S,,.' aai 80 pes, e®at ©f t^« trials 
f©llowiag tii# applioatloat %e> th® oat® o^apioiiea eieop ©f 20» 4G, 
waA ®0 pmiais ef mltr©g#a :r«sp««tiv«ly«. I'igmr# 1 sliars teeoai 
y^ar 3?«<i eldwr ia plots re'©«liA.ng,0 »i ®0 pottais of iiit»g#m 
at plaatiag. ia li4S» ^o^i-elatieBS l3«tw#«a'• «at yi«M imm'mm 
tfe# jesar following m applleatiea of 
, 0 Cl#ft) «ai SO {right) pound® ©f Biti©g«a -per 
a©r« t© an Qmt companion crop ia 1S4@, om 
silt loam* 

aBi hay yi#ii i«©rtss»8 frca- SO pomais ©f alt»5'g©a (r z 
aiki 4© f©s»i» 'Ol* slt3P©g«3a ix m ' .429> were both »oa-»lgiilfleaittt 
• wtea «oapair»t to eii«ek yielag, Wm '©dwftlatldii • eetffi0i«nt 
tilt ®0»p©mBi appiiestt, ©as was set d#te»la*iS aim©# ©sly XiTo 
«xp«iia»iits w«i^ taf©!."?«A. 
Many tiif®«tlgat©irs feat® p-aftio# ©f 
^TilXim esapaslea- As wii« m a a«moi r«-
intliNl edafii.tltiaa tm Yaiiema «ii^i«i»#afel la^p©^ 
C2@| fe i ia t  T«sy l i t t l#  f i tT«at«c# in  t to# s tauf t '  ©f  l#gpm# s«0d« • 
Hags smmwmM fmm wii« j-^w apaeimg ©f s»ali 'graia wimm &wmmT' 
talafail wa#' aafi swwi'f' ratmy#® wm hBlm av«rftg«, 
l«t «ittrf.ag *«y •©asess wJi«ii &mm$w tremgMts ajr#' ssTerw# a 
g#©a et®®d ©f eX&wmt will ©.ti'tals«i mm pl©ta wii#a tli# 
««11 firaim is ia 14 laefe i©*#| wte^«ag, @ompliit« 
failmr# will ©e^emr m pl«$s *li®» 'tl# iiPlll lews mm Bpmm€ f 
li&tes afart.,** »l!S is als© auggeatif^ Is'wejrl •iriip©i"l«i fey 
Hiattli#!',- ®t al, {mtf aM fl®iitg@a«iry (M), 
•Bmiigaa, »t •&!• USJ- .teewtwi't f«md ft© afifastag# la wii® 
iflli rew fds ©at« la llliudis,: • fli« amfeaf ®f 03.oT«r pMata 
was gmsAm is t&@, Ir6a4@a«t tbaa im t&« itillti • ©at« - «as 
'til®- sffialliii?' yteM ©f fe»oai©a«t, plots wmli tm& te fawor 
m« ©l©vear»*»-C31, 34, 4S| liaT# feuiia that 
small g'talas^ drlll«i la yow»- S- t© t iii6&®s wit# giw 
yl®M0 ttiaa teoai©ast ©©eilaga,'Mt t©'aot .ail*## as t® «f-
f«tt ©s eesf#titles., §©i«l (14) m-pmU& mat wia# rews mul& 
-16-
mt tjii «i«i if was §mmT ©f ©©Bpetittea fro* ir»«d«, «v«a 
ia t'i?r a3r«as. , 
la fittsaarlziag ,r«l»ttiig te tfats pr©M#a, it nay fe© 
0tat«4 pm% imfmtig&U^ma h&m iMieat«t m&.t swmII gyaia 
©•ottfeaioa ©rofa gim. a ntaritei f«g#tati¥# r«#p©a»«? ,,to aitr^ta 
f«HltEati©s. Sim©# tM Ifftwi ®««4i3ig ton aet e1i©w, tkis • 
gTOwtJfc stiamlatloB trea tke feytilii#^, »ap«tlM©a .Isetwuea 
tM twe^erepfii iateaslfiei.,, ®iis 'wtoleli nay 
dmatlmHy stisii. sM my to® "bwrnilit 
&)mnt toy ©M ©r »«.v«ral •avlremeatal .g,y©wtM ,,faet©r». 
fh«iM9 fastens Mm fe««a sttbJN»0'6 ©f ©oatradietlom 
la %h« litwatttw sia©« taper tan®* ©f %mh is lik»ly t© 
i«p®ai mpoa l«ai eo^tieas. '1^# fa©t0if» tliat Mm la-
f^stigatM t© gwatis'l «xt«iit,a3p« «©istare,, 
s©ll «ia«ftl«t sai smltglit. la ®®»« lial-tlag moistor# 
smfply mmf mpTmrn itsftlf,., w&ll« is ©tlwr'regions pMat 
tri«at»,a®y is# ©f prii» iap6yt««® to i®t«jrainiag tli« Q©iip«-
ti%l©m %«tw«#a tw© »»paai©a 
li««B p©int«4 s«t- -i^at s&aaiag by «iall giraia j?®-
ia a r«8"tri©t«i 'garewtft df tti# its -doapamien 
eirep, Jt wa® mis© s-^g«st«4 tl»t %&«• aoistnir# 'ia tli® 
aoil of eat fi«ids aay fe© ISi# wiltlag p«»xoiiatag« 
&% hrnxmnt tia««' Maay investigator®. r««l t&at iasttffieiaat 
iigMt iat«»iti«», jp«salMai'f?oa mm Tiguroms grcwWai of fm* 
tiligftt »»ail g^ia^ mault la me «llalBati©a ©f w«»a» tmm 
grata Tkrnm «r« alse rnggts'^oafi l&at r«ia@i>4 li#it 
-If-
lafaiasiit^s miiiei' ©oaiaaloii erops may §£tmt l#gsime-€ra»s 
s«#iliags ia tM saii« miatr ae w«#is, fbe y«®#ar@li f«p0rt«S 
was €«sigite4 te follm Hf tiies# faots aai aiggsstioas 
©a plant 0©ap«t:ltt6ii is aa -attempt t» «ataKLisli aeye .«»fliiit»ly 
th9 mmm &f r-ea«0M6tt» ef I#®!*© staad mi yl#M wii#ii 
.gMwa a» a eeapeaiem etep mltli altwc^a-fertiiizf-d aall 
gmims, E«tb-od«. ©f reitt«iag "Qi# ©©apetl-tleii %etw#e» eiwpsaioa 
©TO'f'S were ais© la*rtstigt.t#d. 
•IS* 
lat*!!-© of B®tw##a I,®gaa»»gras» S««51,ii-g» 
aai,^# Cat Compaalea Cwp., 
W&m mrml&tlms O'st I'teli iaer«ft«!t8 fmm 
©f iilti©g:« f«rtilizfiM.oa ami ft# i«0r#as#s ia feULwiiog 
liay ^mp9 wem mot ®l©s«.»' m was p©iat«a m% ia prsTioms 
««©tl0» IBata la App««is 1, g,. aai SK • 
pwlafelr to vat is tl oat tn sJtisati®'©oa-
attieaa axAttiag at t.l» vaxieas le^atleas jaai In tli« dlfformat 
seaaoili' tliat^tli# «xpt ri a»at6 • ©©aim^tta* Tariatloas 
la firep'^rtlts of tii« s©'il.%'p«8 mm^ la the stMlos p»1b-
attf iaaiisae^i tii« ef ©at yi«lig. t© yi«.lis» 
alsei 0at« gtalm ri»M« m &e%la high, la-afaiXalil# sitf©®#a 
say aot fe« ia®,i?iias#€ fi»a aiS#i'Blt»g«ii> tent •tte'ir«g#tatlv» 
gr#w^ of ©t,t« may ©©aiitefafelr iii®r#a®«id# • Qraia 
yl©Ms *«#• tl» mlf mm'&m «f: #at -.ii-owtli msed In mlmlmting 
a#iT«laMe3^s 1tetw#«ii oat yt«M taeip«ms®s jasa la|r yl«3.i i:«-
It.is hmlXevmA t3a«t Ife# «omp«il;ltlo*i betwiiea ©©mpaKlea 
®3?©f8,. f©ir'«»Tit©m«Bt,al tm-tow»^$ as lig&t aa4 s©li meisttir# 
^aM., am tr I eats., is iat^aaM fey tli# gi-ftater wgetatlif# gmwth. 
•If-
o.f alt»gea I*e3rtll.i2«4 eats, f© stu%* far^«r 1fe» mtrnj?# ot 
the fertllisei @©mpaai©s ei-eps, a s«irl#»® 
ef #xpirf-Aeate was--: eoainetei ia tlw ,gre»ali©ttte. aai at ttoi? 
¥«s^erii lewa F3tp©fi®»iital Fas» la lf47 and 1948* It was 
0©asid©r«<i' iapei-taat'to d«:termime depression ef 
hmf flml&M was Am direetiy t© altrogsa fertiliEAre ,@ir 
iMirmtlf te' i»§3reas#i ©«tf«titi©ii fef a«- rl^omualf grtming 
©ats,* G«-rtaiJa «aTi3r©s»atal fattora- ia plant @©mp«ti^tl©ji 
w«f« als® i» staiiaa# 
St rn^m 3,»stta«t8 jygwa.^rn, aitiogta* 
faiftillgfti emta • 
Plaag aM preeaaayas# A pmXimi&&iej •xp#ria»at was ®.oa* 
ia li4f at tlis W«gt«3rB Iwa'*'x:pila«atal Faim oa. isadma 
'silt l©am soil to stmif tl# staai mi. yi«lt of ilf f«r#at 
l«@usw!® ss0m witto ©at ©Mip&iiioa @j»ps •mWh^wrnrn fertlliziid 
at pMatiiag tiat witk 0.» 8©, 4©, aai $0 pomaSs of aitw>f«B p«r 
&©!?•.. ffee s«!#€i;^8 m&m alfalfa, ife4 ©l©T«r, ami 8w#»t 
tlovsr, fh« «xpejei««at w&® a split-plot eoataiaiag main-
plots lAtb aeailBgs aafi sw1>-fl©tB ,«lth. aitTOgtn t^tatniats 
I'.aiiioaizei ia mmh of fear W.otkt ©•x' y«pli®a"aoa«# 
•A maifoim apflieatioa of phwpbe^tis' was' »e,d« oa all plots 
t© pmrnut mis #l««®at fe«#omliig Haitiag 1m plaat gi».wtfe. 
Soil t«8ts iiii.i0-atod «iet 11»« mA. fotassiw f«rtili2#r» wmm 
not JI©#4®<1 oa ^is soil mwmml of sa.all gredii® m 
• 
8««iiag8.* mm eats, iegime «i g3rags setfllngs, «a 
w#y« m& woirtei iato mm soli fey fiiaMag 
m as, Ollatoa oats- mm »mm at ttoe i?at«! ©f Ismsli#!® 
f«r &mm.m ail„pl6t»*., . 
• ,©«t grain yi»iii wrnm t&k^n a« a-Masw«.of mm lemfGnm' 
®f mm. mt e©®t'«si®a ©rdf I® alt»g«a f«irtt.ii2ati©a»:„, JUMb 
w«3r#^- ©fetaiawi. %y m strip serosa .•a©b plot at 
vAth a tlir««»foet sieki® m©m-a-t«i4 oa a §m&m trattor.' ;• 
ftoi# plant® wmm e©llt^©t»a, •'bagg«i, eaft iiri»4»' draia was sef-
fwa %e straw 'fey a «iirs#»y .tlir'tstey «« th# wnigbt ©f 
graia^ -fi*«a iato teshels psr a®t«, • 
lay yi«Mf w«3?fe tatea' f»a plot Ife© fpar- following 
grain hsi-Tftst wl th ttoe ®iall .mortt, as im «t terr#st» Tti« 
ir#«a 'feay was e©ll«©t#€ fmm a d«fiait© aj»©a ©f #acfe pl©t and 
•w#ig&«a i*a«dtat®ly», A ««plii wafi 'al»e tak«B' for »eistur« 
t#t#i?iiittatl©ii». Bi# aetsteir# saiipl# was w«ig.li#.a In lii© fi#M 
aad latftr pla@«i im m orm t© 4iry at SO® f©r 48- limrs# 
After trylag,. -&« s«fl« was ©gala wtlgita aM liay yl.iili 
i«t«smla«4 hf mnmvtimg tli« yl#li p-#r plot -Imt© toss p#r a®r« 
at-12 -per .©«at moiitmws,., 
flit ctasi d«t®fmiaa.M.oB» wtr# mad«*--'fey..f©msti®g^ tli® 
-plaata la strips ©a« ©«jiti®«t«r wid«, aad gSO e«atiffl»-t#r® long.-
Fesr strips aloag;etret©fe«a'wire-® wrm 1»£fn at raaiom in #aeh 
.pl®t. ffe# smateer ©f flaat# p«r .iMm sqmmrm ewotiMtiPt® 'was 
tto»a ©©av«rt®i iat@ flaats f«r stmar# foot. 
fit# of eeaanetlag %# 9xi»rli»ats to Is®, a Is* 
m»&ei. Mtar ar« mij slallar to "&«© ia Fxpfirin^nt 1 
ana will emlf brii»flj gtat#i, Att«atiaa will 'eallai to 
1^,c««• ©f prftteitir#® ia mhMh W.b 6xp#yia#»ats diffur, 
g#8ttltg mi digtugslea, rtsnlta of -tois »xp®riatiit 
ar® ltst«a iB. fafcl# 1. ffe# mmXM ii^l««t« tliat tfr# ri#,3.a isf 
mA ©l©f«y was t© a g^«at«r •xt«iit f©ll©wiiig affliea-
tl©aB ©f mitiegta tliaa •*«!•« fi#lis ©f alfalfa ©if sw«#t ©lev#?, 
ftoe yitlis ©f alfalfa aai sw»«t, «loir«y w®i» »t ®ig,alf ieaatly 
.redmtfti If '•&!! applieatida® ef SO ©r 40 peWBifof aitTOg«n' 
p«r mm ©m tl©'-«t e.©ap«i©m erep* Galf at e^-poimi. 
i«i»l #f alt.r©g®a, apflieatiea wm% the yl«l4® of alfalfm aad 
sweet ,#l©irer sigalficao^f yeaae«i i» ®«ip®fia©a wit& plots 
r®.©eitliig ,«o aitreges, 'mmrm^ r«fi' olovsi' fields wtrt 
sigaifie^aoQtly i&m p«r &m% 1«t#1) W all isTftls ©f 
ait»g«s applied te .eats the p^^tioas. ytas-. ai®' reiMetiea 
ia t^t ptyfermeat# 'Csf three l#giia«s is «ppay«ntly m% 
.f«latet to tli« diff«r©B#«s 'is tl» #ff««ts ef' Bit3»g«ii'©m' 
•ttoii" ©at ^tmp&ni&u ©jwp®. fh« yl^lis ©f, eats anS tto# 
fellwiag ri®3.,ds ©f J?»4 ele-res ai^ alfalfa isltto. "rajfyiag 
leTtls «f' ait»g®a m* stewm grapM^ally ia figmi?# M* In 
tbi» ^xpij.i'lBtat tm gm&test h&j yimM r«8ttlt«i 
tmm %€»• timata^itta •gi^.ag 1^#-li'igh»st ©at yisli®, Figmr# 
3 -sh©*®- til# staai @f. t&« alfalfa s««dliig iii».'«i at«ly after 
fa%le 1, of oats aai staois aai. yields ef thrm' ©#afMiom ©r«fs 
witii varying rates ©f' aitrogea on Monoaa silt lea® soil at ..tte W®s't#ra 
Iowa Txj^riae.at&l Fairm# 
IM? Oats; 
; tea# 
appli#t. to, mT ae» ' . stami • if4e Wm r CroiJi aey# 
lbs. pmw 
YlmMm 
Increase? fr<m plants pay Itter«a» f»ii 
• mm mitrogma S4« ft. yl«Ms. 
Mfalfa Hay 
0 • 4«,4 . >.*»— 2i:o 1.84. 
ZQ Si^S ^ IS.l g5.S i.fl -0.13 
40 ma • S§3 21.8 • 1.®! -O.gg 
m SO.l 3S»f 18.5 1.41 -0.43* 
.!«€ QXmmw Hay 
0 '"is.® 16.1 . B.04 
20 Sl.f • 8,1 S0.3 1.5S-
40 m,s 14,f 17.3 i.st. 
80 @4«4 so«s 17 .3 l.Of -O.f?" 
Sw««t CloTOj? Hay 
0 m,i • ii; 111 i* — ll.» :S.O® 
2© 613 i.S 10.3 g.li o.os 
40 S9,f IS^t 9.3 8.t8 -O.MI 
a© S5.1 si.o 8.5 B,m •O.Sg-- • 
• Slgaif i©aB% at Irnml 
** Sigaifieaat at Ip level 
Wi^m B# flm flmM ot eats aad rl«Ii ©f t&# following 
• mi eloTer lt«r crop ei€" alfalfa hmj ^rinp . 
Ciettom) at -rajpylng ©f iit»g«a'at lfe« 
wmtem Jcwa 'mpBvimMt&.l Wmm in 114?. 
YIELD OF OATS, BUSHE15 PER ACRE VJ\ o & oo o 
/ 
/ 
H t-" H N> 
• • • • 
•p- 0~ 00 o 
YIELD OF ALFALFA, TONS PER ACRE 
YIELD OF OATS, BUSHEI^ PER ACRE 
S 3 g « 
YIELD OF RED CLOVER, TONS EiR ACRE 
flgiijr# S. Alfaifm s(Seeding iMfdlately follonslag til# li©rr«8t 
of t^«'eat oompanion crop viiich i-eceivM (1)0, 
C®! and (S) 80 pounds of iiitiog<?R at 
tla# at tlis W«ster» lor a txpe rlmeatal W-mm in l$4f. 

•gf-
@at fearrtst m plcsts 0, m,^ aat SO peiiada. ©f 
3^«y mrmrn • 
«r&« •n>ati«m.®n im h&f Jim Ms mAmmt #xplals«i 
0ii-iai« hmia 0t m&mrn stmsiis^ itt ^teii 
•m« g»«at#8t fUM IIa adt #xpiri«ii©« a 
im »t®»4 foll®wlag ^0 afi!li#am©»i '©f .ait3?og«a f«rtl,li2«r t© 
©at «eBii»ai©Bi m ttoe ottex l»iii tte sta,ais ' ©f alfal­
fa ami «w«#t ©loTrtr mm sigalfleaatly, .rsaaeed on. plets m*-
8©'f®itii«s ©f altr©g« ptr «©»# ®ii® iiQtiM' 
that ,lwiy yi«lt pTOfe-afely ti«lt frm low plant 
irS«©,ir aS'W^ll as p®©# -staMs fta# t© 0«p«titi©ii Biti!Og«a-
f*ftilia.«4 oats* 
Vwm -Ife# i-eailts ©f «3gp«yi»«at 1 it s»®ii» ©rcjMtol#- ttot 
fduettlla#.?? appllisA t® «t 0<mpiai©a .©rep may 
e.a»»« ifttrlatstal ©ffeeta 'Altfc aiee mot eoafinti t© amy om« 
Isgim#* toavtr, wtea all ©tto.ir imtms mm «tmalf tins «f-
fmtm.MBj b# ws^-« pr©a®tt»e«€ «>® r»t t&aa on alfalfa 
©r m%mt el©vei',«. 
SisartMBt runs 0t alfalfa ana bip.y graas groB «1£ 
aaft i8i.tiiimt a itip isea-f ».irmXtgiid eattp» • 
Pla&» amft igpQ0»atii?«8» ®a:«« expiriamts wmsm •stasiahud 
t@ a,#t«r®is«.iA#^«i? m« i«pr«ssi©m of b&j yi«lia -was im# 
itenetiy t© %« aitrogea f»rtilteiira ©r iafiiraetly te inereatud 
•28-
©•«ip«timeia w ¥ig©r©m»l|' gro^.ni @ata, .All 'Of 
«aii»ris#at8 w#r« '§oitiiiettA at tn#' ftstura I»6 fi|>»rim#atal 
W'mm, om hmim la lS4f asi -iie Qthww %i». iii'l®4S, 
la tfe«s® trial® tat# «««aiaagi wmm flaatti wltli©«t 'aii ©at 
«©»paiil#a ejTop as w#ll as a €0iipsiii©a ©j-of. ISte# m»-
w«if« ©flit plets im mBi«iliii»i/tel©0lES vAtfe t© 
aix ftplieatleas, 
la, tlt« li4f #3t]p«rl»at, ®t« aala pints tlir©# 
t|rp«s ©f ta) laagiiy alfalfa flaatud at '^e i-.ate of 
IE p©tiiiii f«r ih)' & •§ pemis ©f alfalfa ma 
S pomai.0 of bii©a® grsfis, at (e| iiateola b?oa« grass s#iid«i 
at ,•&# ©f IS pi©«j^s p«f aey#.. plets w«r# iraaaoaieei 
i n  f o t t r  j « p l l e a t « i  f e l o e k s .  " t t i #  s p l i t * p l © t  t » a t i i « i i t s  w t r #  ( a )  
.®6t empiaiea fsep, aB4-(feJ- a© ©ssfaiiloa ©rop, aat tli« tmat-
m«mts ©f tilt ®flit*split ploti w«r® tk»# rates of ait«»g#ii| 
gf, aai §©• pemis p«r- ai5».. 
ffe« tw© lt48 •3E®sri»«ats w«» @pllt»fl©t' a#sipis with 
six rasi©mi«®4 ¥lo©^lEii' fa©ytt fi«li) mi. fiv# raaiomiged tel^aelcs 
Csoulii fte.# mala plots «(ataii»4 |aj oat e«paaiom 
®r©p aai. C^| 'Wl.1ii«smt m% fejeep, aad tfe« split plots 
esBtaimtd aitfegea appli#4 at.tfa® rates of 0, BQ^ 40 aai SO 
P©BS4® , i«3r  &me» 
Mgtot lat®»itl®s mm m&mm€ !>•»•«tli •&« eats at tli# 
1«T«1 ®f «i» »«#4iiig aarf,ag., peii©d wli«a eats i>r«vli«a. 
%» gr«at«8t sli&iii, A lf«st©n pbotegjraplai® ligit m#t«^ wm 
t&s lig^t lafeasiti#s ia ti»s« #xpiria#at®, 
Itaiisg# mem *i# at m,M<lay at' $ t© I© ^tMa meh 
pJLet, flJ# F«adiags im fedt-taafilifts wer# av«raiii4 toM %mk 
tjfftattttat. 
S&il metstmti oa® ^r« also mai« ©a tli« s^aawi 
s^ri^s ©f «:ipe,i'ia#ata t© Setemla# &f tte® oat 
T«g®tatlf« r«%©a®« t© alti©'g«a'©a ®©il A ecaipO'Slt# 
&mplm mil, wa® t&km tmm m&§b nitmgea tmmtmmt «d.tli a 
oa«»lii«k fi©ll tttfe#. Saaples of ^9 mppm^ «lx iaetee.of sell 
W0m tBkmm duriJi^ tM# last *©©% ©f ©at -gfewtM -m Mlf B, IS, 
asi M$*- Aft#.f oati w«re l»rf©Bt«€, smplme w«r# tak«a oa 
AMgp.it 5 at fifsptMs ©f 0-g, S-IS., IS*!© md 18*84 iaehe®» 
la©b, soil s«pl« was a t©»f©«it« ®f stx •tioriLog.s p«r plot . 
fli» mil wm pia««4 ia m«t«l mm, mi e&m s»al«t .with 
«#llttl©s® tap®, t© ti« wk^m Uief W9m 
mi tkm pla©«i «m©©Tr®i'«i in m ofm te' iry. fimy 
wrnm Ati9& ftt 'C far 48 &©«» mM tins «&0l®d aai w«lgfe»i 
a 8«©0M tim#> Pisy ««at aeistsyt ia tM« s#li was d«t#i«ia«ii 
©a. Ite tif *«4glit toaatfi,. 
laetiifti? tmtm teasliei-ei la tl«i« isx^ri- , 
m«nts was t&« m f t m t ' & t  t i m  m i t r n g m - t w r U l i z M  #»t mmpmim 
©rop oa tli« soil t»mpfira,tisi»» • ttowoii«t«i's w«y« pl&ma la tim 
mil at aept&s ©f 1.? aa4 §*© In^MS'iii plots TO©#liriag. 0, 
m, 40 mat pottsfis ©f ait^egsa aai plant®'! litl «d wlttemt 
9«f.«il©ii •fcaf«stas'» waeiiww^mts wmm m4m at mm 
' ' immtigm f©y meh.  itptM'ia tw© r«flleatl6B« ef ©aeh treatewsEt, 
^S*aii®g« w»3e«-iaae tally at SjO© am* aat IjOO anA @jOO' 1»»M. 
iioi'isg tfe# 3a«t m©iitli 
l«ittlt8^«i iigett8ifl>©». • ftoe »imlt» &t thm %hm% #xp«rl« 
wiats ®®tebllA«i •!& If4f &aft 1®4®. at th« Ifestera l@w& Wxptyi-
«»atal Wmm ia wlii@& wmsfim xmtmM ©f aitrogaa f#rMii2»r w«r« 
afpli«t t© mlfalfa-.mt gmm at«diag« gtowa ami 
wlttemt am mt eaafamlea. &m gl¥«s i® TalJln z ,  
yteli ©f mt» wm stgalfl©aatly i»3r®as«i by appliea-
tl'oa# of both m am€ 8© .fottMs of altrogts f#? ae^« la tli» lf4f 
•xperiamt,. aa airti-ag# oveir yi®M®' of 12,a 
amt gi.i fettshtis mw«, * fyf«i of f««aiBgs 
fcei mo tipoa tte ySeMs ef <»t«> flm gsrewth ©f tbt 
sii«iiags is profeafely mot »iiffi0i«ffe %y oat JarrcB-l to^ offer 
ffiwM O0ap«titi6ii "te tli« oat®, ffe# ©at yield® ©f tb# aitiogea* 
plota wmm sot flgBiflaaaia.y 0Y«ir thiii-
eim&k yi#li ia eltter of 1^# lt48 #x|j«rl»sti, 4 p«ilod of 
ai-OttgM awiilg «a3Ply smiwsr may aO'Oeniit foy, tk« laeJte: of 
altrog^a retpoasa ©a fllfi soil ia'1948. 
dlTieioBs iaiiTiimal i«gr«»s of T»®io» foy 
tr»a1afeot eoBparlsoBs asd •&« asaly®«s of • Taria»®» of tlwst 
«xptiia»sts ay® OMtlia#i ia Api?#Mlx tafel# 4..' Biis is plvina 
a# aa, 'ftxafipl® of tli# »tatistl«al prooedw# wfei©li wa«' f©ll©w#a 
ia, all lat#!* «:xp«ria«nts to.whieh it^cOttM %« appropriatnly 
•fabli! Yield, ef eats aai Itoe f©Hewing liaf •©rep im txpitri-
•ments tdtk aiti®g#n to alfalfa • 
«i. hmmm grass with iAtto»t as 'mt aiirs# 
er@]p at fies^rnm I©wa-f3i^ri»atal lam ia 1947. 
Utr-Qgns iat Stand mmt Mf ri«M» 
afpliti ., yl#M» plants/s't.ft, t©a«/a©r« 
IMs/m&m ' 'bit/aerift'' Immam . .ar&ga ^ lt48 l.f49 
' li4f lxi!f»rt»&st. 
With. 0at C«»saiii0m Crop' 
mms—^— K ,  Alf^fa •• • • •45.i • $•&•»§ . 3..10 g.OS^ 
SO Sf.fi gs.s mmt-- g,§9 g.41 
Alf aM 
80 69.0 li.i mfm • g.gf E.S3 
® 43.S li.@ 16.3 E.tt ®.16 
torea® grass m 53.9 g®.,© 1.E.0 f.7© 1,-S® 
m 70.5 18 .i 4)i® .2.-00 1.63 
Iremi •• grats •0 46.0 27 .i E.83 O.iS 
• acj i®«© • 17. S l.fS 0.69 
Si ma mm •• 4.® 5L.4S O.SO 
wimomt eat. C«uaaioB Gr©i> 
38.i Altaira . • . ® • «#•» a.9i S..37 
m SO.S •g.a9 S.-4i 
30 24. S B.i3 s.i®. 
Alfalfa- M.i i«.0 g.ff S.13 
"bmme grass go • 23.5 13.3 g.S4 a.©4 
• 16. t SS-..i 0,37 1.79 
ir©'* fra8« © tmmf 43.0 l.Sf 0.76 
g§ mt.'m 40.t . 1.®S 0.95 
• 
m im'm 4i.i 1.9i 0.99 
1®4® i?xp«riii»at Caorta 
litli ©at e^mipaaloa Cro5 
34.S ».S li.S E.40 Alfalfa- f •mrn-m 
.feroiai grass t© .@i.i 19.0 13.-0 «*«» g.31 
4© ii.t , 15.6 11.8 «!»«»> a.si 
• .Si- • s®.® lE.S- 9.3 «»««( g.is 
iVithout Oat. OemBaai©® C« 'P g.S7 Ilfalfa- ^ WMUl* E$.® 0.94 
broiae grass m. • • • Sl.O ES..S 0.96 2,.S7 
4§ •w»«» •. gt.i se.f 1.20 g.5® 
8# go.o 19.S l.S© ® .S4 
(Ooatii»i0di) 
tetai: • 
Mr yi#lis 
mm 
applied 
eat " staai ©©mnt 
yial i i i  • p laats /»q  •  f t .  
aeifft legiiuiif gyaa® 
""" --W*WlllWWWWMIIinMIII'Wlll<MlrtWMW«BiW,lillllllli»|ilWI»|l|lllllllglWa^  
3LS.S 
ig,® 
®.SI 
wi^mt q&t @«ipaai.©s, I2f®p 
"'^'d— 
gsraBB 20 
4© 
• «§•• 
2©,;i 
If#© 
20 •« 
gi.O 
84..© 
Xfii f»acp«.iAa«at (sstttli fitMl 
With eat i^tpaaiott • Cro-p 
""""1" • m.f  „ ' iS.g 
broat -gjpass ' 3© S4«i' 'ii*® 
40 2t.« ig.i 
• 8© il,® • f.0 
urn 
l.$t 
1.49 
8.SI 
S.4g 
3.4S 
s#i§ 
-as* 
applltd.. Item @e®pariS'©as It'f«a. l)« smn that tb« staai 
of alfaifc tm l&t lf4f ©xptriaiiit wa« sigatfieafttij r«aie#d^ ia 
plots aM#d as ©ettpay#i t® ae*aitrog.iia plots. 
fkW: staai ©f • alfaJUTa was fey afplt©atl©a» ©f ®aa ©0 
poiais: ®f t® a gr«at«jr «i:t«st Im tlie pr#sfin«« ®f aa 
©at ®mpmlm et®f tfeia.wtona a©,, ©-©^ami®!! ty#p was ms#i, 
reiaetiea in staai ©f alfalfa 'fey tte siti©g«m ^plieatieas 
ia pl6ts MtMmt aa ©at TOmpaaies erop .pi»batoly resulted fTO® 
eomp«titl®a w®»is pt«*al#at la tti® li..lg'li-ait»gea pl©t8, 
thm staiiif et alfalfa ia tkif two ©xptfloats #stafeii0fa©€ 
ia 194i. vem slgaifisaatly ir®itte«4 ia pl©ts plast«a witli &» 
©at .©©ap^eaiem a» e«ifaf*i to fl©t» wit'bemt a e^psmiem 
emp* ' •25®rl»«at (iiortli, fl©ia|. tli« g#»'p0mad rat® 
©f Mtmgm iifi »0t aff«et tli« alfalfa .•staaA, hmt aiflieaMoas 
©f 4® sai i© tonai# #f aitr©i«m signifie.aji®.y rifdu.e«a t&# ®t«M 
ia' ^m&mm -©f a §rop. Whiia a efttpaaien earop 
wa® B©t. msM alfalfa staBi *a« a©t slgalfieaatly. r«te©«i 
fe-y mj l«¥«il of aitrog#^'. Alfalfa stasis in tha seutb fi#l« 
wfi» hf iiiti©g«a appli#.ati©ii® Mtii wfHa. aad witlisat 
®at ©©mpanieii «i3FOf»» tli» g3?sat«.«t ylsia wdmetioa 
i*#stalt«:d frea tlw ws» -of iiit»g«a on plots idt^ & ©©apaai©® 
©r©f • 
' fii® staat ©f grass w«» mMmi, im tit# plots r«-
mirim iiit»g#ii w,.htii as ©at ©eapaaiom «©p was msti, fent, ^ 
was la©»as«d ia %h$ iiitr©g«s plets iii#ii a© mmp&m%m -erep 
•i4-
was nil® affaot ©f ait»g©ii om teem# graa# 
stasi was set sigaifl«aat iai« iat«rseti©ii. .fe«twii«ii aM 
e«praiioii «ip©p wa® b%felr sigaifl®aat« flii» iataraatioa 
tw«f«a c©fflp«i#a 6mm apijllemtidus 
was S0»i!wto.% gr©at«r ©a th« stMi ©f gman t&aa ©ii-th# 
stemi of aifaifa. la lf4f thm M%mi. ®f hmmm grms w&b..t0* 
&»mi fm& SfmB t© 4,8 plaats -pm Bqm&m te^t ii^plieatiea 
©f^ 8© pistiiaa® ©f is tto p-r«s«ii©» ®f a «€«pam4©a\ crop, 
tout w«.s sll^'^y laef«a»ti fer •Ch.# mmm rat# ©f nltmgmn wli©m 
a© ©at ,©©apa,iiloii ei?©p was rnsii# ttiffld ©f "bjom® ga?a»« Is ^ 
plots se«i»i to a mix tar# ©f fei©s« israsa aat a^lfalfa' wat, alt© 
re&.tti whta fti?till««r was appltsA idtk aa ©at 
©omp'saiea ®.r©p» 
ft».»iamltB ©f -fe©®# mzpmtimntm hmw mt  ©arlier'-efe-; 
s«rfat4cas Wl&% t&/« #eBp«titioa ©««paaioa e»ps is 
iiie»as«i ^ h»mf applloati ons @f aitr#g#a«: 'ais 0 0ep#tltioB 
nay !#©»• a® smm^' m to iestrer '&« l9giB«-g3»a»s sw4ii3®. 
Srdae grass appears t© stasltlTt t© ©oapaaiea erup 
eemietltloa %hm slfalf®, ffe# «©iip«tltl©a», wlii@li p»tea¥ly in-
'^©lirei gr©wtl factors,, a©t ©sly iBS«»a©i»4' tlie ataai 
bat alae %# yitli #f bar fellowini jmm, 
tUm 1947 alfalfa plots jeeiilviag ©0. pemfl.® of sitrogwa 
f3reitj®,«i luss Mf-thm. was 'pretmetd % tli«. plots «ii®a a 
oeaf^aalea o-rup wae •&«•. yiili of alfftlfa hay. was al»© 
sll^m J fejr ,fiirtiliE«i? t»atet'Bt wlt&«t a ««-
f.isiem esm* sight •xp§®.t<ii #©ii«Mtrla,g m# r#im.©»A 
»t&m of aMalfa mmifim tr#a''te»t# all f#-
im©M«a is mlfaifs ytel4«. tmm ait»i»a mm. W attirilnit«€ to 
a i«i« mtmt t© •%# ©©^^ottiti appll,®ati©«» 
la tn© «xps^rl»#at »tart«i is lf4f tim yfelte ##•• terca# 
g»ts tak«a ia lf48 tmm g.SS t© l,4i,t©as p©ir. 
mmm. ly m pmiAs pe^ mm et sit».g#a is th». -pwrnmrnQm of a-
-©©apaaioa ear^p l^mt^ iiier««s«a• f»b l,3f t© l.t© toas ©f hay p#* 
afm W aa «t«al aa©a»t ef ftrMliztir wtttemt aa ©at tomptaldm 
m». mrnwm^m mtfmt ef ftit»fiia ferM.lis«r was aat 
sigalfieaat, tet 14ii« tetif;rs$'tt®ii S© pdwais of mltmgm 
aai m# ©#apaai©a oirep was llglily itgalfiemt. 
»# li48 &ay yi«li» ©f t&# l«@am«-graa» -alxtmir# ®f th#' 
«xi»iiw»»t atiirt#^ ia -194? w-«m fey mitmgm appli-
taMsis ir«iai4l«»s #f «i©mpaal©a la lit# 
lf4S takm i» S»pt«fety mf 'me iatttal jmr 
W9m immmmmi tmm ©,§4 t© l»iQ wl»a ©§ pmMs of iiit3p©g« 
w«r« apfll*^ *ltto0«t #f ea ©at eempaaida er©p, 
• ly lt4S t&« hay yl»li» la «s:i»Elii»at start®# ia iS4f 
wem •mmifQm mgrntAUm &t twateif^at®, 
Im gmeTBl, alfalfa bay yi#M« ms welX m. hmmm gmss bay 
yi«Ms,w«jr» »li#itly IneiP^a®#^ ©a tto« plots reeeiviJig nits?o-» 
gmm f#3f1i.lfe»r tm jmrns's pmiA&m mi. %hm yi«ld ©f 'ito© plots 
»«©««€ te a l»ga«#'-gi'a®® mSxtiMr# was r«dm©»4, jp^ gwrdliiss ©f 
tl« ©eapaaleii'©yop-, ffels »lg.lit iaaieat# t&it If a areasomfel# 
-si-
staai is ©btai^a yl^Mt of tey, after %« first jmrn, tmm 
tim lil«& ait»g«a plots tm$. t© «taal' tto©i« r»e#iviag relatlvuly 
lew smmmtb ©f ,iiitr©g»a» lowsirftr, as m-aay saeiings ar« oaly 
growa for ©a« ©r yanrs, %is d©#s net miuimla# ft# impor-
taaet of yieM rmiustiom ©f li,ay f©liowl,ng aitrog«B»f©rti-
liz®fi ©ats, 
, Tte sell aoistftr« «>Bt«iit,©f tte tipp#? si* ia@li#e'of s^oil 
aeastirtd ©a;Jwly i, IS,, aai gS m«.li4? mit»g#a •®'3Ei»rift«iits 
s.tow#€ llttl® r»iati«ia t© f«rMliz«r tr«ata»at®, as s»®ii 
to  f f t fe le  3 ,  ^wk»y w«re  al l  mar-  f i»M mpmelty*  umemwfon^ 
.August S «Sir«'etly after liarr#8t'©f • tli# eat 6f»paiiioa crop* th« 
®oistmr« f#r@»atag« of smf&m s©ll was alatost t© 
tli.«, wilting p©r@«iitag«*. f^u .«oil aaistmr® eoal«iit intrtasM • 
at tli» Im^t tet %iis meittmr# wa® pf©'fea1ily of Htti« 
mla# to iai« mall l«giam# sad gras'® 8#«dlagfi im« tcs tte limited 
®#il ar»a e©T«»a Ify %«ir roets (tf) • 
Soil a®i.sttt» aay 1# ©»• -©f tti© fatters ef tfa#, «iivir©a-
m«tat f®r ®0ap«titioa first i«T#l©ps ia s<>»© ,3%ars,, si mm 
it was sb©wa to. b# at a eritieal .le^sl ia li47 wten ©at® were. 
iiarv#«tiia# as. tiwKX© afp«ar» to' li# littl# 4i.f» 
mmme is arottst. of water r»a©"r«i fr©a the s@ll by oata 
f#rti 1.125 <si hy «liff«r#at ratas ©f alt»g«., ®ob« ©tfe«»r «ii¥lroa-
m«atal fm0tor ©r fa©tore amst.als# he, iB.T©lT«t im the. eoapnti-
tien fe#tw«#a'<»mpaKi©SB o.r©ps, • 
smrt&m soil tsmpftrateiB® rf plots flaiit#d to..«t8 r«-
fabi# 3, jrflatloaship of soil moistiiTP to rat«s ©f 
applieations of nitreg^n ff»rtili?.#?'r to oa-ts m 
Ifeaoma silt in 1947, •^xp®ri»«at g. 
Sat« B'a»l«t 
mu i 
Mri »a 
l®il moistttr® perc5«tiag#, flrj wi# basis 
Blta»»a epplind. Xbm/mm 
0 £0 m i0 
0-S 17*7 16.6 u , z  is.s 
mif 15 l?*f 16.5 M,® it.i. 
inlf - •ll,S 11.S 11.0 IS.® 
Am^Bt i ' t«i • 8.5 9.0 8.g f.@ 
§-lB 10.6 11.^ 11.© 11.1 
ig-iS 11.8 11 .§ 11.0 11.2 
IS-M IS,7 . H.i n.i 11.4 
%i#M eafatitj -• lf,f pft cent 
wiltiag p«r@#atag# *8,7 p#;r &m% 
©,'2®, 40 and SO peaaia p«r mv ©f nitmgm w#3p» 
Mlatti t» f«jrttlt2<ir tf®at»at aft«r 'ib# ©ats -baii attain#i 
ttelr fall wg«tatlv© gwjwtli* »is em hm swmn la fafcl# 4. 
,i?#a4iag» wmm *i« at ttmmm psrlois 4ally imrliii 
tii« aeatli psi©!- to :©&%• Mr-rest, ^afly «oifaiiig ruadlugs were 
miiif©» i*«gajpai»s» &t th.« f«3rtiii2®,3r tma^twiBt®, Mt, by 
aft«rso#a sell %mwmTa.tum» ©a plots f«®«lilng r«la.tlv«ly 
lai?g« aaottats of altr©g«a wmm ®li#tly l«w«r, than ©lieek plots, 
&i0 was largBly in® ateiiag, "by %M gynatssf. T^getatif# 
growth ©s ^ fi mltj*©g»a. f«rmils#i, mtM* Altfeoi^ li thes« dlf-
f^srmms wmm eaasist«it. toai#iomt |»il©d cC i»asm»©a«iit.» 
tti«y *«•'!•• mot S^oil titmptratttr®# at «ep^s, of l,g 
Xmhrn a¥t»g«S g.f®* Mgtei' ©a Ifee plots than ©a 
plots• rtftlftaf, 8Q p&ua&B' ©f aitreiea. p©3r aer© is lt47 
#3Ep«rlm»Bt aat la tte i94i #xp«3ria«at.etoek plot-- t»^«ratMr©s 
air«irag#i' f4#S® f :* m eOTipar«€ to fl,4®, f. ©a plots' ^ eeivlag 
m fmm&s of nitjRigts*' fwapi^ratmre® at i«f tlis of 6,0 inch«s 
av«3pag#!i, fi»a S to i® F-, lew#? fcaa t«ap«ra'toires at l.S 
Sliifis soil* t«|>«ratitres wsr» ©oasist«tly-liigh this 
im tli«- »©11 tsaferatiaM® ©f, tin» tr«afei*»at» ©f 
tlilf •x^riii«iit w«» prO'teablF' mot - larg® eaomgli to eaust- ilf-
f©renew-® Is Mojttgieml. aetiTlty., 
i-at»E»ity of sttflllgfat p«a#tratiag oat aanopy to 
tile leT«l of %im legna# ant g^asii s#«dliig wit,s iaflM»B«#d toy 
tlie -aaoaat of aitj©g#n -applS«i t® ikm mt @«*p«ii©a ©rop,. la 
fail# 4, a# ef s©il teapiMtmi'# t© rat«s ©f 
applioatieiys ©f to ^tr-oa 
Moaoa* slit leaals. If4f ani Xt48#. g, 
• •• • ' Soil •••• ~ 
••• IW taqprimnais 
»itreg'«B li4f wicpe-i-isiiat' Aft#Hi,o0ii 
appli«€ BeptM • OeaMiiiit C«mMa:iiS raafiiag 
l%s/mm iii0lt»» ^ .i-taatMe ealy^ 
e 
• m 
4© 
m 
0 
so 
%a#te figw» i® aa af«fag« of m »'aiisgs ^ lai# at 8;©0 A#M. 
, aai 'SiO0'f«l,. dailj.iMxiag last moath ©f ©at 
gr»tt&, 
reaiiai® w^r© «,iif#lat»4 t© ti?«afc«iit8.. 
la f8.f • ?4.*S • m,4 
i.g. ?i.f fg..i m.f 
x.g 70.8 fg.4 ?6.i 
1.1 70.0 71.4 7S.g 
.$^0 68.3 ••••" 
S.O 66.9 
lf4f iliht it J iete-ymlmtioas w«» aai«t ©n a of 
EltTOfes f«iftili2!©,r #xi»3.1ii©iits oa mij 'gi, aftsr 
©ats jtei. Sigalfleaat ©at |^3i»ld ineyaasi*® from nitrcsgea 
w«r® iat#3? smuma gu aH «E^riai»ts, ®ni aT«j?ag# is-
t»n«itf of tai» liglit b«s«atto mt» w%miriw^ m nlt^o^m f«rti-
li»r was lOfS fcNst-eaailsa a® t© iii, 25©, .©a« SOO 
fo0t«#antl«s l».n#ath.'©ata feytilig#4'witl 20, 40 saft. ®0 
©fnitr«g#B p#? mm 
i#aai.iigs %Am at midt.^ oa .J'ttly li, wli«a mts wer« ia t&« 
• »tag« w#3p« set g»&tiy 4i fffl»«« 3f«a4liig8 
a¥«irag«t ISO, aat t® foet-eaailt®. oats.re-
o«iTiBi, ZQf 40 ami's© poaai© ©f ptr aei-#, •• Th© 
j-naaiiig® avsrag® ai>pjmximat©l|' 1S» 8,..^ 4 aai g.5 p«r omt of 
fttXi light oa tlfese tat«0 for 6» - SO.,- 40 aai, 80 pettnis ©f 
Wjb.|l» ligM in'ltaii'lf r«aiimgs w#r« m% • 
»asidt»4 T#XT aeeuyat®, ime to aiffi.ssiilti»» iEVolTtfi in thm 
tyv^ af set©!" tliat was «s«4, a 8ttffi©i«at nmmhmT of riiadiag# 
w#r« oats reedi'ilaf mmU ti^ate»at td glm ligai-
ti&mt iiff»r«ii0«s» fh© iwlatlvuly Mf.g# .redastioa in in­
tensity of liflit 3?#aeMiig th« small l«@im® asd' girasi, settlings 
g:r©WQ.idtii a eoapaaioa er©p tmviAlizmA ndtla, fxoa ®0 t© ®0 
pomads of mltrogem iaa,leat«s mat li#t may %m aa iapei-tamt 
faft©3r i.H ©capetitioa %«tw««a tats m& seating®. %fi ist«asity 
nf li^t l3« •Tua fttrlMar r#iim0«4 t^ii ia ttes# «3Ep#i'ia«ata. • 
ntbm Umiew applieaM.©ms ©f mit3?©s«a ftrttliz^rs applii«t 
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©f soli &B til# split-spitt flmm mm two pots ©f 
«a©li txmtm&t mtti? s,lai«.»' Tm r#pli«attoa® of «aoli 
t«g% wsr« mm&* As g»w:tM ©f- plaats tlbe saan 
tr«ataeats fiM not tigaifieaatly la tli# tm of 
0li®a#s, statistical m&lfsmB wmm aai# ©a lii# Msis ©f 
f#iif repiiealiotts* a# &v#i*at« ligtot of r«ad.iag» 
at mmwk daiiy tteeiigldmt •xjti'lapatai g«rioi'ar# 
li0t«d Is S* "Ki# llgliife of fall saaliglit 
fa¥l« Sfc. • Avi»TOg# iailf llgfet lftt«ssity. as4 air t#»f#ratiaf# 
• «ad«r gr®«iih©w« stoi»»4 
"'fills'"""""'" "' '•' '•• 
latsasitf P#!- " Air • 
foot* full gp#»#ii* t^mperattiwi 
'frits' Of . ' eemlm liousa 
Fall sanli^t: 
©mtaid# grmmhomm 44Sg • ISf. 
iasii# gimmnhmmm mm MO 74 •© 
ltod«jr • el#tli sl»d«s$ 
1 ' • w' g? ?4*S 
g 4SB IS f2»@ 
3 • • • is.f • • .f ' 7B*4 
4 • lif 6 n»4 
©utsifi# tto« «s w«3.1 as tk# 
iBt«,aifitiii» ©f ^lai# fiv«, sliai« * ©1*1 sbad# 
tj«-ata»-at» w«iw.fmll li#t,ia«l€« gmmhomm- «i fewr 
©f sl»dl»g naiw olstb , 
. Si»#,»imll^t lllmmfmtioa Taj'fes fro® iay •to Jay aad 
mmh day, ra-tdiags w»jp« mat# daily :«€ at 'tliir#® dif-
f9vmnt p#ri©ds dmjrlag dags i3©t& omtsld,# «d iaiid* th# 
-4J5» 
gr»«li^oa8« saa ail Aadgg. a# aaoa waiings w«a?ii most 
uaifora mi, w#!*# U8«& for eal®ttlatiag t&« light lat«ssity a® 
IMi:r e«at ©f fttll gjp#«ttii©tt8« light of mmh tr«atii«at# 111, 
light i#t«miaattoas wmm »ai« with a Westm sii3ili«ht lllwmijaai-
tiea »«%«,, M@i«l l&©li iailj m&Aim r«eord«fi was m 
©ir«i?a®« ©# fiT« t© g«parmt« ffc» vaa^lons losa* 
ti©a» aai®!' stosi#, Wbll» fmll ll#it, iat»nsitr issii# thm 
gi«#ah©m®ii av«ra«#€ ©mly 64 p#i? ©•»% @f .ftill sunlitt oiitsld# 
til# it w«» as a st«»iajri for e^paria^^ all 
otter, tmatatats. llglit la tensity iiai«r simima 1, 2, 3 
aai 4, wai spp»i£i»at«l|r ttet f«iai mai«f mtum oata ia tJi# 
West#ra lora fi«li "P3ri»^i*«at 8 3?«©#ifing §, S0.# 40 aad 80 
peiiM®. of mitmgmm p®!-. aii»« »ip«etiv«lf. 
fli# s©il as«d wa» leiipiia silt loam, •&# m®istur« erntmnt 
was miataia#i at fi«li eapa©ity |1^| l^y frtfrn^^at wat«riag.. 
©lis soil tea a ^ ®f aletit i.,S 'aai fi»4m0#a go©i growth -of 
alfalfa wiliiemt limiag* All. pets .r#e«if«fi a Msie appliea-
tl©a ©f ph^sphmm (aOO f©tin4« pm aew) aai potaselum 
i$Q -pmw&M Eg0'p«r a©r#| m CaflgPO^Ig.Ig©; «ai. SSI r«sp«©tiT«ly. 
laek p©t ©dataia#4 si»v#a plaats ©f «itli»3? Baagitr alfalfa 
©f Fiaefeiir br©ii# ,g»®s* Plaatisgt nai® Ffibrwajy 6, 194©, 
aM, all pets full grii«sto€»w»e amalight matil f«ternary 
2i, at ti*« tbft diffei'ftatial' fihadiag tr®atm«3sts w#3?n 
afpli«i. At tWs tla«! tai« grasf plaat& hat tto## leaves 
aai atoiit s®f#a iaofes ^tall,. fht alfalfa plants Mt 
44* 
thsm Ismma aM. wmm- atottt ttoe©.laeli»s tall,, ••fh# plants 
wem g^rom a»i«r aiffty#at4sl Aafins mtil Afjril 17.^ at AleM 
time ©•rtala pots w«r® hm^estmA aai otfaers «xpos«i to fmll 
gmmnhmsm smligl it  fejf .aa ai i l t icnal  growth •p#irloi  @f 80.  
dafs. 
.Plant staples tm elwrnlo-al aaalfgfes wtre ©©lle..0t«d at 
lia.yir«st aM d^i«i at 86®-.iJ for 40 hmm* laeJbi- s'impln was 
aaalya^i fm ^tal. alt»g»ii fef »taiis ®f t&«'«lfari© »«ii-
s.i6lie.ylie aeii-«©i.iQa tM©sm,lfat» iigtsttes pr©G«iiia»' wltb 
Sfllalm ©3^elLlo^lit uam& m • a isatalrst.# fh« emmmi-m mmtmt 
.• ©f til# ilgiist waa €«t«j»alaRA tj* ii stillatisa iat© a satwrat#! 
»©l«tl©a of burie a©ia, fellewgt Isy titratie.a wl.tb staa^ari 
aeiS, 
lasttlts aa4 iis.#ii8aiQ.a^ fk^ i&flmmm ©f iiffffreat light 
lattasllAo's ©a teis ©f alfalfa ana bwsa* fraas 
eont^ollei ^TmsMemrn ©©.ailMoaa «.»# giwa im i m& 7. 
fb# .greatest t©p •aad i»©t gwwtfe. Is iyj weight, ©f both 
l>3»a« gsass'«a alfalfa waa mait  ly  f laats ,  wfeieh S©. 
pQiiiiis df alt»g#a ami w«m &tmm im fttll sanllght,. All plaats 
aiiow^A. a wrlE«4 r^fipoas# to aitjreg^a aiii#r light' iat«n®iti«s' 
•®f gf p«r mm% ©f fmll ,gy#«iihow8« light m hlih»f._ 
, grass §m* a hiihlf sigaifieaat r«^oa»« t© 80 pemafis of ai* 
tmgm pm m&m at light iat#»siti«s a® low as li p«r o«st of 
•fmll'light as show is 6. »'«i-&«i'. hiom# gxasf aoar .alfalfa 
fhm a©lstttre'fer®«atag# of ,fer©m» grass tops aM roet* 
• 'Tttxyiag l#v*ls ef -aitie'gffm f«rtlli2»r 'aaa light iat»iisitr mai^r gr*#®-
hemsii ^m4iM©a«» 
- ' ' - ^  pi«ai aoistur# p#r-
Eoot-top Qgnt^e, air ftrr basis 
ratie I ' leetn 
Sitrogwm .Sitre^»n" 
Light 
int»nsity 
m p*%r ®«at 
of fttil 
gwmmnhmmm 
Air^-rag# dry w«lgat of 
•SBE Roots 
Hitro^^a 
applifi'd 
lbs/aor« 
80 
Nitro"g«a 
applied 
Ibs/acr® 
0 
Hi tits gen 
appliif»4 
lbi/acr«^ 
Q 80 
applied appiif»d 
l%s/acr« lbs/acr<s^ 
0 80 
100 l.t4 S.l® 4,12 10.74 E.13 S.07 60.6 74 .3 82.2 80.9 27 1.61 4»»g 2.58 e.es i.eo 1.S6 74.6 72.8 S4.@ 78.6 
i§ im S.§$ a.55 3.89 1.76 1.09 69.0 74.6 75.1 57.9 
t l,St g.Sl E.ll S.ll 1.5g 0.84 82.8 85.2 82.9 76.3 
6 ©•S4 O.f? 0.35 0.35 0.37 0.S6 84.5 86.7 62 .$ 75.4 
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gat'# a Tftspeas# to at'lat«asltl«ta'of ligAt b#lfflsr I§ 
p®r ©(tat ©f full Itght. 'yi«M ®f Afalfa aai grass 
iiaiiir rars'im lig&t liit®Bsitl#s ajr« b&mm ia liimr# 4, 
WitM m afflleatien &f ait»g«a' f«rtilia#r, hmnm grass 
•fr©due«a m&m -timn flv^ -tiffliis as atttk'isgr w#i#it of t©ps ia 
full liglit as wh0n Itg&t was te six p»r mmt of 
fmll . l igfcit ,  Mt witea aitregaa ms aot aM«4, grewtii was 
©aly twi&« as large ia 100 per mmt as iia six per e«iit ©f ftill 
liglit. fli# growtM of toll# grass with varylag light iiit«ii« 
aities is stown ia Flgur* i» 
WMl# %!» r«im©ti©ii' ia illmaiaattaii frca full gr«i«Bli©iiSf» 
light six p»r e#at ®f this liglit m4m«& th» prcsftuetiea •©# 
top gmwth of ^rea# grass , to ®a#-fift& of ttaat grcwa mai«r full 
3,iglit, wM#a ttitregcn was aM#i, ' sia« d«®r#as« in light 
ittt«asi%' r«im©«i root grcw^.., te .©a«*tfetirtiitth of that pro-
itte«4 ttai«r fm,ll liglt oandi M©a» with-aidti iiitr©g«ii, flim® 
it wmM ^p«ar that r#8triet#t illmaiaatiea lias a gruatisr 
tH# predmotioB &t roots man m of t©p«. 
It am toft Bmmm ia Tmhlm 4.. timt mot onXf was 'tl# growth of roets, 
mm w#ll m tops, rAau$#i whm ®^arfeohjteat#8 'tse^aan • limit lag 
in'%« ftsaTily ^ad<»d p©t8», tet ^.9 rati© ©f hmmm graes root® 
t© tops was ream©«d from g.l3 t© 0*37 wlwa mltmmTB. fertilizer 
was ©aittftS, mm wmMmS fmm a.Of ia fmll liglt t© O.Jg la tlm 
stoiii pets wkmrn S0 pemais iiitr©g«a f«r aert mm aid#i, 
fbis r«strietl'©ii-of i«©t growth fey r#iia©«t illiaainatioa i® 
figtt.rt 4, fli« dry w«i^t ©f alfalfa ftop) aM torn# grass 
• (bottom) tops asi wets at •rm.sfln^ of 
light intensity 'twi rates ®f Ritrogna furtiai 
•- llz#»r on l-lojiom silt xmm ®eil ia,tb« 
in 194S. 
12.0 ALFALFA TOPS ALFALFA ROOTS 
9.0 
M 
6.0 
M 
3.0 
0.0 
0 25 50 100 
LIGHT INTENSITY AS PER GENT OF FULL SUNLIGHT 
BROME.GRASS TOPS 
BROME GRASS ROOT£. 
9.0 
M 
• ao lbs^ nitrogen 
0.0 
100 75 0 
LIGHT ItCTENSITY AS PER CENT OF FULL SUNLIGHT 
figwr# i, aoatM ©M $rass plants" grewa tm omti aoa% 
at thft follow!i3^ light iiit#»iislti«s{ { x }  100, { b }  
27, (3) 15, (4) 9, and (5) 6 pi«r #f fmll saa-
liglit. (Top) Serifss r??!eeiT<^d 0 pounis ©f sit3»g«a 
ana (bottom) 60 pounds of nitrogen ptar mwm ®a 
M©m©aa eilt loam la tlws gmeBbowsn, 
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pteteaHy ©f gar^at importance la mm »att«r &f plant smarTival, 
With a small i»ot sy0t«», l(!%gw§s aai grasses mrm la a p©©ir 
|5C5Sitl03a' t© ©©»p«it# mlth ©att .for s#il Bolstttrift, this trO'tabl® 
was set #w©aat«r«a la gxm^iAmam siaee ©oil meistm?'*!! was 
saiatalatS .star eptlaaa, 
«ffii@t ©f r«i*niti®a ©f illmiaatloB m gr©wtii ©f 
alfalfa was wasii tli<i amm m ©a ^F©a« grssi as shown ia Figar# 
•i* »t»g#a €iifi<il«a«y iM a©t m%wlm»Xy aff#et growth of 
^alfalfa ws&mJP amy light IstMslty. MmmvrnSt h©th mot aa<l top 
g»wth w#r# stlmml.at#d so»§what toy tM aifiitloa &f B§ petiais 
pui? afm ©f aitrtg«a at th# hl^®r light iattasiti##, without 
a. »iti^g«ia ^plioatiea, top g»wth wm ytiae#i tfm 9*87 grams 
l,a fmll fi«uili#t t© 0«®§ grass iry weight p«r pet at th# l#w«st 
lll'ht iat«»l%"# Wi^ ii pomat® pmw &@m of alt,3r©g»ii, tap 
was r#t:iie«« f^m ll*®7 t© O.^U- grmm wimw light wms 
m^^md fwem full suall^t t© S P'lir ©iirnt @f full ®ttalight. 
loet grewth was ®mt t© aa •Tajsi gr«mt»r mtmt hy shad lag. It 
was tmm S,SS te ©tlS gmm ^thomt tfe# aiSltlea of 
Bttrngm.,. aM S.SO t& O.lf gmm^ with aiti»^gem wl»a th« ISght 
was reiiitui fpsm full sanllfht te» six pm mmt of full light, 
rati® «f alfalfa roots t© t©p8 was m&mwM hy shading fr« 
t ©  - © . . t l .  a s  s h ® « a  l a  f a h l a  7 ,  
0-m9W mmtiom ©f th# hr©»« grs».s aai alfalfa plaats to 
iiff#r<»t light iiit«iislM®» .am m f«li©wss 
1, fh# l«w#r thii light iat#asity, ^«.a©r« rapM was th» 
Wtm^ fw© a€>atMs ©li alfalfa plaats groim f©r mm 
'w&mWL at tii« following ligkt liit§witl«si ~ 
m 1O0» (2) gf, (3) 15, (4) % aaft (i| 6 p«ap 
c^nt of full fittiilight. I Top) S#!-!#® 3r#e»lT#i § 
pounds--©f siti^gsn and (bottom) SO pomi® ®f 
altwgeii mm m leaeaa silt !«« ii • %&« 
gimtalious#.* 

ratfi ©f eleagattoii aai gar#at«r -fee telgtot darlag 
t&» iaiM&l stag# @f grewtli. Ifow^wr, %h« pieiits ,g3r©wm 
low liglit lat#ijsitl«s ®e©B a jpolat 
mtm ©f pJldt©»yatte0is aii p»i,iittl©a' SM mt 
t^« 3rat« ©f r«isplxaM©a ef 'tiiw plant aM gmwth stopf^S. 
a, fJl# great#St g«iteral wa® fey towi 
flaats r«<Jiiiviag f p#? ®«at ©f full li#it tf mo alt3?og#a waa 
8mppll«4,i bttt Bf p#-r @«at of fell ligM gmw 
talJUpf wMm aitF©g«a was aidti. ' grtattit • to#iglit' ©f alfal­
fa wa# aaa»'lsy tto«#"ilaat» mmMm ^2? p«r ©#at ©f ftill 
Hgkt fufsifaitss ©f aitr©g«a 
S, fli» iMletetss of iai« st#*® ®f tetto lagamii aat gara®« 
was fmmi Almetlj feiat#^ t© light ta"l#as-ity* 
4, Steollag 1^ brmm grass wa® @i@©«ly r«lat(id t© 
ligiit lat»msity» • litreg^ii stlmtilmtti steeling 
of flaat# gmwM in high light, bmt gaf# m© la©r«as« ©f steeliisg 
thm liglit iatMsity was l©w. 
i» la g#i»tal, all si ad# pl&sts w««f mamsnally long 
st#aa»a.- tt©s» i»0i!lidag gm&tmt meumt ©f llgtot w«® 
th«- »8t pmdmM tti« meat'Itat#®, and i>«»ss©ss««l a 
wMm l»af 'rf.th a toiip gr««a e©l©r. Thmm wm a •gradmal 
• d«0ir#iasii ia vigor with &mem&slMg liglt iataaslty. AlttongM 
pl'aats w»jp« #tic5ilat«i, a©a» wei^'kllltt @mt dwlag tte ©©mi-sit 
©f the bmaimg, 
i, f&« t©p» ©f pMats gi-cwn uaisr sliMti •©©aittloas w^r#' 
m®3» smettilnat• aai oeataiasi a'liigl»3r ppMmmt&m agister#.' 
meimtmrw p#ie©«atag# of feioM# grass t©p# iacf#a@®€, ilfn-etly 
wlth'tliii siiat# -litt^asity •frea SO,# t® 84,i, aain^ 
nltmgmm- sai f4tS te 6i.?, .wltli-aMei ftityegtii, 11» 
alfalfa teps showed a similar • tiir^ai lut t© a scmewliat lit«s«f" 
Ki# prnwmmt&g^ m&istnm la 'iin ifoots Sii a©t amm. t© 
'to* «l©i«lf r«lat#4 to shading iatftasity, Mt ©a th«'av#j'ag« 
tiw a©istii^# a«0r#aa«d as steilag latwasity was iadamasnfl, 
7» m aaalysts ©f ttm -tep# ®i4 root®- of alfalf® ami 
teds»\grass plants taii@at«i, ttet la gmmT-al th.p'pm ©eat 
ultrogea, @oateaf©f feetli' aat l#gm*s 1» at a maxiffiiia 
with 'til,# l®wii8t liglit. iat#iw. ity t»ata«t» flgwr# .? show# 
tilt pel- ©«at aitregea^ ia alfalfa aai teow# gwmas plant®, witb 
Tarjiag ligM iiit»asit4«s aad wittomt adfei al.t3P©g«a. '®i# 
ait»g«a •©•oattat ifier«as«d ia Mtli-.tops aad seots as tk« iaaotiat 
©f illuaiiiatioii wm iaeynas##. t© e#at of fmll grwanlioas# 
lig&t» feiit a# til# illttmiaatiGU wmm i,aeyta««fi fttrtli#»r t® fall 
tmmliglit, attrog«'n «iit#Bt agaia iaer^aawi* a# ]r«s«lt» 
witli ai:i#4 aitr®g«a eiailay t© tfaos© wMm aity©g#a w®a 
net at4#d* 
ai! afiilttoiis ©f aitregwastt® .-f^rtliiEiirs feat littlfi «ff#et 
oa tte jp(!?r©«,.iitag« of t©t»l aitxog#a Is tai© loots ©f «lt&<ftr l#g-
mm ®r grass* »• ait»g#a ^at#at of %# tops at alfalfa was 
ia 'a^ei-aaswd Ij tii#- sdiltieas ©f aitfog»n. at all , 
IwTiili! of alaiiag, wlill# tfeat ef tti#' fero®# g^ai® wa« iBor«as«d» 
Wi&kwe f# Thp prfT OAnt altrogAS ia alfalfa aa€ hromi§ gjt&BM 
roota aad t»ps at raj'yimg of ligit lat#asity 
without aQd<»d- nitrogen m Wmmm ailt X&m aotl ia 
tli« gr«'%niious« • 
en H 
§ 
o 
§ 
a t: 
om' ®f tli» most st^lMnt «ff«»,tts m "Hi# sb.adliig ©f 
&3s&ltm was mm wqt' mmul&uom^ »ls mr fe« 
largtXr attribttt«t 't© IM# latk of s'mgairs la tli* i»ot« stadud 
piaats |if|« 4 rtlati-Ti^y lilili leir®l @f emrfeoii^iirat®! ®r® 
MemaBKTj tm baettrlal aeti^ritF. Assamiag mat aitro.g®a t# 
a©t &-l'i»ttiag fatter, -ttiii try weight &t tti« l©.gam# plaat® 1» 
profeafely th« b»st aftastir# ©f s«ga^ p*©4meti@ii n»«®3? iif-
f«i"«»t llg&t iat«Mlti«». With a girmm 1®t#1 ©f oitregta, 
Boialatioa varies iiwitlf witli tty aatt#ir proim@tl©a as 
shorn ia fabl® f, 
larll^jr werk wltli tHiss ©xi»iimeats Jfeas stoewa tl»t ewa 
with til# aitltloa ef .mp %©•• 8© pernads of altregea per aere o® 
©at«, th& nitrate mltrmmn la 1&® soli Is -t© a miainmm 
dmrittg ti® l®t«:r stages ef aa t gyewtli aai i« aot p,r#s.®Bt' la, 
a»asmr®atol® aadantg at tbe tl*® ©f mt mattt^lty. 
It It pe'Sfilfel# ttot afe«»a#t ©f aoimlatloa la tli« 
lieaTlly shaiei plaata m&y 3r«sttlt la a. period' &f nitmgm 
Btmmtim fm tfe® l®.gtt»is» ffels »Mli §»i feetw®«a tli« time 
tiaat th-® nitregsm, .adtti as fertlllzej tm masm ©i-ep:,. 1« 
«iEliatt8t#<l, ,aai tb« p»jpl©4 ife«a tM plaats-.ay® pTOititlag »mf-
.fitlemt sugars t® «ipp©rt felolegleal aetlTlty, ©oali^ 
tlmts aft«3r t&e .iresoval of sfeaaiJif ®€»BpaQ4oa crop* A 
field ftx^fiaeat to t«st thmwf will M r®p©rt®t tet«r.. 
la an attempt te i®t«imin® w.h®tlit:r m set s&s^'®-gTO« al­
falfa plants mmM aeiiilat® afttr me stoles wt-rt r#a©T«d, a. 
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ierles ©f plmata ww® ^gi'owa • f©r tm Bdatljs at tU® b«® 
Xi#t, iat®m«lt£«» aB.deserfTaed afe#v« aai, places, la fttll 
gjpeealeuse llgM sm a aeatM.., At tit® #ai of -&© tfelM mentfe 
all plsats lai aei«lat®a regayileas of, prior liglit trftat-
*®at* ia, no ©at# toaA th® mmhmie ef aadmlii# per ^plaat 
%t0a iBeifeassit© tl». J^toI ©f ,-|fe©s« blasts gsmn teatimi'essly 
ia full smliglit. 
. 'fhm m,f M ®mwa3?ia#t fey pointing out 
,,th.at ,®ffeats ©f sMftiaf miea tto# m0:iriihdl@gy ©f alfalfa 
team# g»ss ,w®i'® tttitt siailaj? t© @tose i?«peirtei ty Pepp 
(41, 4^1 otlmm |10, HI, ,w©rkiiii wltlt s©yfe®aB», Ifliil# • 
• tM« larg0»t t^tal growth wms; aat® toy •^as« pleata ye©«iTiag 
fii,ll 8Mali,glit, th© greatest h@i^t wm attain©a by stodM 
plants is- tto ialtial gmw%k period, limermt .as report®^ 
Hy Wfttkias C§§)#. te©®® gfass ,g*'@wiiig ma4«r tfee Imer light 
iat«asiti®a a •Arn^mm^ ia th® wahet .of shoots, 
shiz&mm, fertll© ©Moots as.ft 4.jry weight, ©f all plaat pa#t«;<i 
tomt iii0r«as®4 th® mmhm ef ,«l®iigftt#fl .istoraod®® aai height 
©f >l2i© plast,. fM thait.'-g.rwm flmta .?i:©r« • mere, • memlmmt, 'hmt 
la«l£«i "tb# -rigcir aai ,a©»al iiwmh#^ ©f wii« d#©.fgr©ea, 1® tT#s 
,©f th# platats §w&m-in fmll samlight,' . 
ihil® top growth ws® gjf»«iti.y r«dtt@.«d l>y shadljig, th« 
mmt martoi' isflMeji#®, ,®f m# i*#i.m«ti.ea i» li#t was ,in th« 
gimth <jf ilaat r©©t®.» Stea# g»i® gxmm is.full light pro-
51 tia«8 *r® irots mam slmH« plaats gmm ma#!". 
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MS a r©©t-t©p rati© of t^QiZ,Of as compared 
to i..§;0.3® tm piaots grewa maier li«avy siiad«* a© appllcatlea 
©f SO' p©iiMs per a<ia?« of aitr©g®a. ge»r^lj gav® a trewtfa r®-
spoae# ib tetli alfalfa sad breat grais t©pg xo©tt at all 
light latessttJys# dcjws,, t© ala®,. f«3f mm% ef fall llglit.* Witr©* 
gsa. f®rtllt»«r liai llttlf «ffe©t om feotstop rmti© at ttoe l®w®3r 
llg&t latinistties tet t«iid#t t© tbS' rati© as &© ligbt 
was. immmmi.., i'BZ) Hinted samt r«dueti©a la t&» 
ratio ©,f roots to tofs la mm aa€ Imrley amd attributed it 
to-an ia«r®as#d mm of ®arfeO'liya.rat«s i®. tb© tops a® t,h« greater 
altrofta aiffly-ttat© for larger top grow^. 
It i«uit appear possifel© ^at low light iateiislti#®' mttitr 
oat»,*lEljig a ."TigoroMS f#g®tatiir® grewtli aft#r f®rtill2atl©a 
with altrogea imder fiili o©i:^lMoas may r««tri©t ths' TOot 
growtl of tto® leg-asi-^grass s«#diag to sm®k as ®i"t@iit ttet tli«y 
mwat i«p«ad mfon smrfaa® soil aoistmrt aai mtxlmtB for 
growth. 'Siis aay r«s«lt la f®imita®at wilting of tb® sli8fl«d 
la :^#14 ©xpsrlE^ats eondweted witli t&la^^rofelem, (.ix-
p®rlffl®at g|'it was foiaat timt the »oi»t«r® geretatag® in the 
mfper si2: in©te.».»'©f Moaoaa silt loam mt time of ©at torwit 
often waO' »ar thm wiltlag p©ro«atage of tlals soil, as d»-
t«rai»d ia %hm gr®»slioas«» Ifeis was partiewlarly trm® of 
oats r«eeiiFiag'attr©g« f®rtlli?#i'. 
Under ©omditioas. of %hm ,gr##otoow®« «,xiseri.»®jit, wfeer# 
moisfeiy® was k«pt at an optimum aoa# of plants •W9m 
felll«i mBja,®r aj^ ©f #feai«.g, aitto^fe top, ani ©spteially 
.jroet grawtli'was greatlj restiriatti mai«r tfei® aor® ««T«r# 
tjr«alm®HtB• , fliis might iaSieat# that'fallsr®# • is stasi 
talslisl^eiit maier fi®M ©oaditloas ©f stailar llflit lat®a-
sitl#» my b® m latsraetien -mot gTmfh 
hmugk% atewt %7 a la©l of engsfs la tto pMats liBairj 
sliai® aai a depleMem ©f aotstw® by tlie nwrs# 'erap, whiiili 
Is is a l>®tt@r p©»itloii to '©©mfet® t&^ie tli® aTailafel#, water • 
tliam %© ®@«iiag, 
ixnejgimeat jU fieia^ ytiiiie» ©a liie arowtli ©f alfalfa' aafl 
f e j r e m g ' . - u t a S g '  w l I W t a >  
•gltte iai Bfoeeamxee* la ©xpsiiwat, siailaj* t© ©at^jeri-
mmnt 3, was @©atiiet«t' at tM "l©8t«a''Icw'a ixpeirimaatal faE»' la 
If-i® to stwiy tl3.« iafltt©B©« of li^t iateasity ob tlit' ©staV 
lislfflsat m& fy»tM-©f aKalfa aai'feyoa® grass uai®r flelfi oob» 
iltien®, f&® iraiii©al2®i Moek ©oataiii«i fivm repli-
©a^eas ©f IS fey IS feet i^llt plots ' uaiferaly 'wltli m 
aixtmr® ef alfalfa w m  bTOae g m b m ,  fli« aaia-ylot troatoeats 
(a| witk'aii ©at ei»i»niea ©rop «t {%} witliomt aa oat 
©©»I»ni©a mm-p, Thm split plets ©oatain«i fear l®ir«l» of 
aityogeS'ttpfii®« at-'tlie rat©e of-0',. 20, 4© a,M iO potmis per 
atr®. f«r@ 43t43E4*f«>t shades.^ siailar' to m©®® ia tli« 
'Ummm ®'Ep@ilfi«at, w«r« pia0®i over a p6rti.oii ef' tbt'« split 
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ef sai ?.3 Itesfetls p®a? a#r« fyo# EO,, 40,. amt S© 
p©mai« ©f r®sp®etiv®iy, ©ietb Aad«# r®am©#i %&« 
. light a©!*® i&aa l&e slisi« p»Tli#<l hj me mt flaats that year. 
„low®ir@r, ©a plaat ^^mth la -tbis «xf«rliteat wmm twit# 
similar t© tii©s« la ir#®'iih.'@mgs« #3:p®rlm«st» 
IMe stasis ©f alfalfa %wm% g»fs wes« 
all #l©m A«i®s, tet oaly whm ttee light i»t®,s«i1sy was 
i"«ia©®i to 1©»« than S per''oi^t: ©f full sttjillght w«i^^ .tfe® stands 
sigaifienBiay At ©a® per @«®t of fell ®mall#it mm 
mtmasla of alfalfa m& hmme grass; w«r®'pjraetleally de®t3p®y®a. 
Hay yl#M8 ©f plots mMer (gsletli shaiea wtr® ilr@@tly 
r»lat®i t© ittttaslty ©f .m© l-lglit p®ii®tratiag th# sk&&m. 
Plot® reetlila# f«ll sttaligBit, witl mi^mw elot^t slMies aer 
a&a€«s fi?€» aa oat eoapaai©a a tet&l. of g.6© 
t®as per mm af May as eemiar®! t© 1»SS, I.IO, aa'd 0,42 
tos« aer« tm$ plat® lAth. ©lett s&ait® traasmittiag S®, f, 
@ l.p®!* •##at of fttll llgbt, resf®©tiT#iy. fke yleMs ©f 
mm mm% AateA flets w®ir« hi.gli#y eimii tl© staa4s ©f 
alfalfa eai ferom# grass wouli ii^4©«t«» fills'taa, attrib«t«fl 
par^y to w#®d® that isf®at«i tb,#'fli>t»» 
fh% stamts of alfalfa aai hmme.gmsm aai tli« 194f May • 
yield® fmm tli© plots eoataialng mitreg^a .f0rM.lls5«d oats ®o*» 
paiilea «s©f# as 0l»4#s w»rf reiweM at liigher l^wls ©f 
mltf©geii ®pplie-ati©tt8 • Tfa© ec».f®titt©a tm li#t TO® a«»t a# 
gr®at as maier tb® elotli ^aies aad' yi®l<is w«r« aat ' 
•6®-
d,3?it«tl®alXy« mt&l jields> stom. 1B fabl® w«f© g,§0, 
1,8S, 1.81 ami 1,44 'terns pef mm "t&w plotS' 
!©©>' g6, f, 3 mi 1 p#r ©eat &f fmll smaligW,. fesi^e.etiTely. 
01otli sfeaies pr©lia"b"lf reiae#i -a.# total ralmfall -TBrnehlm 
the 'geetli^, M% iMej als® de^i^asftd ^iie ®vafeMtie-ii, s© that 
aelstmr® eoaiiliems maity -fee steies mmw® ao dettbt te®tt®r thaa 
'la Jl0t» seadei filt& «t empanlisa ©fups# 
A #0Bip®.ria®a of alfalfa plaats g^ owa ma4«r aiff®jr«at 
s«r#®s of shad© wm aete la 1146 at to i%st©m tmm Isp.®?!-" 
a«Btal fam, Si« fla.at 'afti' wiiigMt aad ^ Eeimlatioo is 
giTta ia falil# 9, ftft®aa plasts wmm talees at raaiea: froa 
«a@te. 0f tQ-m- smmm'Gf sh&Almg t© ieteamia# if alfaKa gyewa 
ttai«r a el© si ad® twmmittim *^0 P®3e eti't ©f fell susllght 
wmm similw'ia gr©w^  Mfeita'te. plaats grow ^tfci aa ©at oo®» 
famleii Tfe® sMai« tj^ alaemts wjr# CaJl>la»t»' growa wi^ emt 
am ©ftt flasts grewa-wl .1fe»t as ^ at ecBipsaien 
©top 1sa% el ©to foa? aiii»iimatel|' em-mmth at 
f,0 p#r ©«»t-df' fttll smalifht'Ceesiiags la flets witli tlj®a®. 
tr#ateieats mmlmi. SH-feimis' pef mzml^ (®) plant® 
takes fyim a aeaFby ©mt' f4#M-'e,it ti» tam «#il tfp9 wes . 
mt Oats f©ll©w©4 a mm mm teai Men 
iM®i.res8efi wlt^li 80 peaads of aitx-os®!! p«]r aor« la July, 1947, 
alfaMn plaats wei»® takm %©tw®«ii tlis oli rmm, 'f&« ©a.t« 
feetw®«s mm rows w®r®' Amim »©. et resiaaal .iilti»g«B 
aai traM»ltt®a appr©xtmat»ly If pey e«at of f*ill- ®mallglit. 
mfel© f, f&© leigkt, yl@M' m& aoimMtt-oa ©f alfalfa g,mwm^ nn&Bit bM€mb 
©f wmflm MmmmB' mm Soaoaa -id It letts, la 1948-,' 
AYerag® .A¥#, 3@ag-yte wt, »f 
height ®f main plaat lodules 
©f plants. r©«kt- ia 1 irs^ l©ot~top per 
Semr-i:® ©f sliai® ifiches im'tes to-ps ratio plaat 
1. SfoH# 13.i 15.5 S.fS f , m  . 0.91 1S,4 
2. Clolii sliade* 15.® f.S i.2i o.ss 0.4f S.f 
3. sost-f est Hi m& 
mts^' ^ -I©.© . €.M' i.fS i.ss • • 11,1 . 
4. • Oats .if@#«ivlai 
' • r@#idmal f.O s.i 1.4# O.Sf 0,4« ., S.4 
aitr©^«»a^ 
under ©lotla was f' pef'©©at ©f fmll walight* freat-
m@ntB 1 and g ai?e same exeept f©j? stod#." ' 
%l®ts tal«i ©Id rows -of lt4f 'mitn emp whieh was ferMllzei wit! 
80 pewads- &f mittegmm as a sid®dir«sslag,' 
%laiits fmn oM rma of lt4f e«pii .er®p whtmh was fertt.lizet *^tli SO 
•fottifis of altr^«a as a siaedr®»si^» 
• -f l-
(i|. Alfalfa- takes, la tii® mM wms ©f me sme -fitia. #ats 
w«:r« msf&Mlm aark®€ly tD^ r««iimai a,iti©gea .la t&e x©ws aaS 
e^aljr afeomt f p«j? mn% ©f. fall.., 8m,aliglit was transmit t®i t©. th« 
i#eitai-* Ail alfalfa plaat® w»r<t- ©f »«», •rarlety aai 
appir03dBat€a.r of tli© iam©: ag©, ,41falfa plmats i^th Hi® a©a-
f^ftiliaeS oat' eompaaioa, e,r©t tak« iNitiwiis tl» foweiy 
TOWS., aiffiilar Is wei^t, «a ia aaioMSt of »o€iila-
'tlan.to flants grom wit,lio«tt my f&m of' Plants 
txom 1M.® t^smie^emn wm,.wit'h mm ©ats ©©ap-aalua ©ir©p 
f«^©a#iag t© t«fidmal aitregea, w«».. similar^ is. til r®sp©®ts 
\ 
«eept;&«ilglit aM su«eml«e# te plaats grcswa nmdei?, eloth 
I  ,  , ,  . , , , . ,  
Tim -^iff®f«,a©»s-' ia ' tlie •plaats nmteir TOii-ons elaad## 
wmm a©t asalyzei stati0ti«al-ly stae«''ttie» was- a©--3r«plieatioa 
of tH® tir®ttte®iit,s. 
A ®©mpajpi«©ii ©f tti© t«T«le|>meat-aii-ligalft©atl®a ©f th# 
Tasemlar tissm« of plaats gmmm ma«®r ®#tttrell®a @liad«g with 
l^es# g3?©wi wl,tlt fertilized mt eompmalea eyeps indieates 
tliftt light is a® emvi3e©i»atal tmtms fm whi&h 06ap#tl1i©a - • 
mnpmim erdps eft#® ©xlsta# la a-prslimiaary stMy 
tl® aiftrnm&ti&Um aB,a ligmifte&tiea ©f @©®d3aaary xyl«a 
ef alfalfa flaat,® mi#? Mmj ei#th stod6s-:Wa8 • slrailar' 
t© tlmt of alfalf® growla® wim a Ijeavlly ©at ,oom-
paaiem ©rop,* ®» vaflemlai' tissm®i ©f lieavlly stoa<l«i plamta 
w«r« la tto emmm &t&§m ©f €«v#l©fm#mt as the tls.sm«« ©f pl&,iits 
mutli jommm la ag©» f&ls stmiy ,is at 111 la p,ssoii'©»s,, .ana -
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:^msp'hmm was highlf. sifslf iemat. Hiis weiili %« 
oa Ida «ilt loam soii as 4t is tew ia available phi©sp,lio3ms as 
w^li as avallatil© 
fit# staai ©f alfalfa, taJ£«tt^ aft#.? ©at ba-rT«st 
was tliaifieantly »aie®i hj .applteatioas ©f BO «ai 40 pomais 
©f BitKsgea ftrtlllz'er' t© tli® '©ats at ©• aafi gO-pcmi 
lewis ®f p&esp^oims, ilwever, at 4t- ami, 80-p'OttM rates 
©f ph«^^plior*ia Hi# stami'yeim©ti©a» fmm aitio-gea, were'aot slg* 
aifiesttt aai .*©» to elima©#, Applieatieaa ©f 10 
pemsds of iilt»g«'a tli aot iMs etaai, 
'phdspfeems t»atefiats »igaifi©aiitly, iaewst^d alf.alfa 
st&mitWf, t'fe# g^©at®st iatftes# m01%im f'som tit® first ZQ 
#f; pii$,sptorms. tiff#reiMS«s' b#tif@«s %hm •40-'and 8Q-
pemfid ,a»li0atlo»a w»m .not sifaifieaat, fli® lat®raetl©ii fe®-
tw»#m, ..ptoo^Mcsrms aot iilt»gta was Iti^ly etgaifi©siit« , Fbos-
pbojae fertiliz#? a©t oaly Isprowi t&e'alfalfa stands when 
us©i  wit tomt Bitrog®ii ,  - imt  re iae .#A t l ie  <9f  t l te  mitr©g«a,  
OB ataai, wl»a' tbe sltfi^eii aai phospliortts wer® ap-pli«« tDg«tl® 
lay yields f m m  t h b  mixei alfalfa aad -brem® grass 
w#r« la geB«f«l lmer®«»«!i' "by iilt3»g®ii appll(8atioae la t&e afe-
amm ©f piiospiierms f«3rtili2®i'» femt-w#.3?e d«©r»as«a %j alteogeii 
f«rtilii5®|r applltatioaB ia m© of ptoosphortts, itee, 
latffsa®# la Hay yleli fmm la. the afesea©® ef p.lio®* 
l>li®rws applleatieat, pretefely reawlts fTOm tli® ®aall aaomat af, 
.©©ap«titi©B "betweea • tae s#«diag aa4 •&# lew yieldli^ oats. 
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tw##a i»all gje'idas se»ilags. .ltd®# aiitrleate ©ftea to-
ft© grewtli of -fee ©ats aat ia gy«at®y eomp®ti-' 
ties, fm ©fe®!* gjrowtli fattofs, swM as liiHt «ad aeistam 
lESEIZ 
la steales ©a -tti® mtm% et me eoap©titles hwtwmn 
$i»iaaioa ei^efs, it wm doaeMied %Mt m«t '©f ihe reia©tioa 
is Imy yielSs^ follewiag fer^li2«€ c*ts toea a©t rteait aireetly 
f»a, ti» ait»gea appii#aM©a»» lattey, tli© aalor part of tii® 
r®im©ti@a is 4a# te •%!#• ta©rsa®©i tospetitioa fer aaall^t md 
soil a©istiir® hetwmm the dats »i ike legume-grass fl®@aiag» 
teroa#i"t ©a by tli® vsgetativ® -rmp^mm of oats to tto© fertiliser., 
eoatlusioa® wew mmhei aft«r ©©asideriag tli» follcwiai 
«ii5@ri»atal results; 
1. yi©M® @f grass#* mm iaexaased toy aitrogea 
fertll'izatioa liiea pl»t®d ^tMmt a toM^aaioa crop* L9gm& 
hs^ yitMi w@rt iaer«as«^ ^hy Mei mitmgm ma««r gr®«Mioas« 
e©^itioas mi were a^t sigaifieaatly aff®et«t.aM«r fleM e©a» . 
iitioaa wbea se«4«i aleae# 
3. Oats respoadlag imary fertl lizatioa my deplete 
soil a©ist*ire t© ^e wiltiia® pereeataf# ia iry peri.©i8 »ar 
b&.rV0Bt tlae,. leaviag iasmffioient imi»ture for sarviiral of 
tlie seeii-ag* 
, S'Oil teapiratares were mly sliglitly lower maier ©ate 
-ft-. 
'ImwelB @f terMlizalioa as 'eempartt 
laf®rtJ.llz®4, oate. 
4, Mgm intessltf at m# steilag .l©wX m© ©at® 
mf fe# 1® i®s« ttea, to iatsMity mafr ^ msf 
liz#a. «%»!• me llgfet iat«asim®s sot mlj 
rif«w«s Ifc't- top gwmth legaaes aai gmssts r®iM©©,a 
root growth t# m gr#at®r #3ct»at» Stoi« gmwn 
•were 'slso' m©ir® 0ue#GJl®at mi ©oatalaed a -lowdx of 
• S, ^ lar yteM ir«a»«Moa« 'tmllming aitTOg®a^ fdactllizmtlea 
©f til© mt er©t iTOfeafelr Is aet .am® t© eoapttitioa fei? .amtrieata^, 
Waifeitt'afpll#ati©iii .©f llme-iteni;, ffeespliortt®,,. «4 pota»»lt« 
••w«y# aidt-i w^a, a«®i«S la. mitmgmm rates ©xp®.,i'imeiit«» 
x m © f i a  t k m  W  f a e t ^ a r l f t i  p r ® 8 ® a e ©  n t  
l>li©spiiorus- feir'tHiz#!? did met pr©ir«»* tbe rMmC'tlea' is kay 
ea; fld%i'T®©«itiai l#T«l8 of 
IttMs et B®or«asiig tli® e.Qmf^titioa 
't^giM^-g-rass s««dings sai tto® ©at efapaaiom Crop 
• •• ©i-lmeats rep«t«t is' tfe# pj®#Miiig s®etl©ii IMleaW 
ttet til®'i iff tail tl#s la'secttriag'0B6i staais' aai-fislfis'©f 
seedittgs' a^-b®'to©' •fe'® 'is©»pttiMoa ttie forag#' 
er®f aad mt- ©oiapaalea ©?op. 'Bmwol 4©er®a»lag . 
mts' fi©ap®tltloa tev# fe#«is »por^t«i smeeessfml, partloulariy 
is s#al-ayM »§gioa@ (2®, Ef), A wmhrn of «p©riii«mts hav® 
also ti©«a e©Mmet«d fey -ttt# Imo. statioa on ways of iatraaalag 
th»-stand aai yi®M ©f l«giuiiie«grasa »««aings wlthottt saerifieii^, 
tJi« 'high yl®M of ©at ecapaaloa ®y©p aoimaily obtaia»i by 
ai %mgm f«-rti liz ati ©a • 
?apttW.lsli#i'Sata fyoa pyelimlimi'y exp©rlB»iit» at tii® 
Westers Iwra. Ixprisiiatal fam iaftleat# tl»t dtereasiag th® 
rate of planting of "tie eat empaaloa eifep S,6 to 1,0 
l)ii®li©ls p©f &&m tid aot sigaif'ieaiitly aff«et tlie staad Bt 
til® yi#ld ©f the hay Ib aa©tl»r «xperf.m«at tbr®@ vari®-
ti®s of oats wtr® t#stei as to -ttitli' Taltt® as amra® ©rops f©.r 
tti® seediags. Is theory-tti© fari®ti«s preduoiag a mlniimm of 
T®g«tative growtti &hmM mal« i4®&l eoapaaloa ©reps sine® 1fe®y 
wouM p®mit a greater p.as.8ag® of aiBli#t t© 1®t©1 of tli® 
Iftgim® aai grass s#®diiig«, la tills «xp«ria®iit tlit«r« w®r® a© 
sigiilfie.aat €iff«r«iio«s in staai ©r yield of tSi® alfalfa-
torn# gra®» se®diag0 growm M tfe tti® three Tarieties of oats. 
Smlfate of aaaonla appHtfi to Ifee se«ai^ at tte rat® of £0 
pomads of nltrofea p#r aor® dir«#tly after oat .terirest difi aot 
improf® tH® following h&s' ©rop s sor dia the praoti<i@ of r«-
tumiag tte« oat straw, as a partial. s'l»a® for ifce yomag se®aiBgs, 
r©amlt in &igM©r l»y yields a» ooaparei to plots on v&kieh the 
straw was r«io"fei at Mrvest. M iata frea tto®a® «xp©rim©ats 
h&m aot fe@«a ptt^lishei, m®y ar« girm ia App«ailx ta%l«® 5, 
i, f, aad 8 for ref«r«e®s. 
•)80«k 
- / S l u m  m m  ef wmoas ©f dmm&Bimg %« ©a 
to#twg«a eonptaloa ey©f8 -was Texj ^ a series ®f more 
fttMameatai fltxperlmeals 'm&m a©'ate ted at tit® W®st®ra Iowa Kx-
periaeatal fam la 1949 md 194i# 
Ifg'rlyt h. pgp» 2£ ^ brpiw, graaa varylMi 
tSm»g QfreagTal #f' eompaaion crei?*-
flaas aai wef«au^s#. It «rier to stMj tli® «ffeets of 
.rtadvlBf til© oat ©oupaaios ©rep at iiffereat stages of growtli 
@m 'St# staad and fi®14 of %e two experiments w®r« 
«stafelisb«i oa UQmm silt Icma i©il» Oa# @xp®^rlm«at, «et®fe« 
li®Il#i ia„lt4f.,. was plwrtiM wiifomly with Clintoa'©ats at tlit 
rat® ©f 3#© Msli«ls ,pe^r asre, aai BmM& wltb six pewifis ©f 
iaociilated Haniser a^lfalfa 'aai ala® peuafts of Liaeola brom# 
gras.ft 'ptr aex«* fk© «.xi»rim®nt was ©f a rmdomiz^i bloek i.®-
.»iga witti foar i?®flieatl©ms» . Amaoaiii® sulfate was applied at 
rat# ©f 0»":.S0» ami 41) peiiai«-'©f aitr€»g«a per a©re»' Oats 
•w«r« reaBV«4 fey ©mttiag wltii a smrsery a»«r at t!ir«# stages 
0f ..grcwtiti. Hie ««ts w®r©- mowei' f:»s« ©at-thiri ©f tfa# plots 
t© stwitet® -grazi-iig eeftM,tl0a« on 3"tia« 23 when oats w«r« 
t t© 12 ia®h®s im i»-igMt* Aaottot ©a«»tbira of plats 
w#r@ ©a, a'wly f for hay pretocMeo, aad tlie rtaaiaii® 
pldts m iulf 85 after tbe oats w«r® mtur®, 
m# o-ii©r stmiy, started ia 3.i48> was a raafiOBlEtd tolo«lC' 
typ© ©f ®3i'ferii»st'idtfe six refliea-ao^-ai. ^fli# treatee-ats' in-
-ii-
"ro,lir«i lit fssoTal of tti© eats at 5, §, ? aai f w®«lcs after 
ttojr ®rai-rf«i aBi a® matur© plaatt at harTest, At ®aoli dat# 
©f rasofal, plots that Ma be#a prefiotisly m©w®i w®r© p©omt 
to -Jcaep icwa m w gr©wtli. 
A tesle applioatloa ©f ®0 pottnas ef aitwgea as CS^lgSO^ 
aat 40 peuaas of PgOgi as sttperpteap'hat®, was appll«a ^ iilfo»ly 
t© aH plots, lates ©f seeding ef tli« biroa© grass ani alfal­
fa vem 14i® same aa ia tto o^er ©xpilmailt. StaM eowats 
w«m mi® la Attgast of tfee seeaing year ami hay yields tak«a 
th® t&ll&vdm F®ar toy mettiois dsserlljea previously, 
memXts m&. •^ismsAou, It AomM be pdssib,!© t© 
6ill#Tiat« tile ©ompetltloa l«tw«®a toapaaion ®mm W ®arly 
removal of on© ©f Iti® §reps. If tlto staM aai yitli ©f for­
ages are r®dmo#i fcy ®«sp®titloB from &lgk yielding c^ta, tlisa 
mowing or graziag ©f tfe® €sats sliottli resmlt la M#©r hay 
yielts thiJi wljsa liie cats are f®'rfflltt®i t© «a,tmre. Sa«fev«r, 
iata fren two ®:^erlmeats ©oa4mct«d at tb# W«st«ra Imm 
IxperimeBtal Fswi, pr®s«at#fi in fmfel# 11, .a© set ©oapletely 
agr«e with this tli«ory. 
In tJn# 1147 .@xp@-iim»at tb# stand of alfalfa mm sigiiif-
icaatly redmeei, as ceaparei to t&« ©laeek, by applieatioas of 
ZQ md 40 psttMs ©f ait»sgeii applied t© ©atS' emt a® My or at 
aatmrl%. Hew#v®r, when tlie'eats were r®move€ narlier, a« la 
grazing, oaly Wm 40-p«jmiid applieatt©m ef aiti©g«a sigaifieas'tly 
ream@«d m« alfalfa staaa i». ©omparisoa to plots r®««iviiig a© 
11, ffe# staaft m& yield df alfalfa gwm& 
with Tairylag iates'ef ytmoTal ef •ttie oat 00a-
paBioa crop ©a M©b©» silt 1©« 
flae of 
ir®m©fal 
Slt»g«, staai ©emat 
aTOli«A Blasta st. ft. 
lb»/aer# •. mlfalf® "feiro-iwi 
My ylelfi® 
fellowlug year 
tOQi/aejp# 
lf4f tx^riii.®st 
0 IS.S 8.1 E,S4 
m- 14.© lO.S 2.54 
Hay® 
40- IE,8 u , n  g'.gf 
0 17,0 6.0 S.8S 
2© 11.5 4.S 3,19 
40 13.0 t.© 3,0® 
Katm» 0 19.0 lo.i 3.4B 
E0 15.8 s.o 3,10 
40 11 .S E.g g.ii 
1948 ixp® riatat 
Wk». aft«y ©B«rg«iie«i 
3 80 SS.S 13.f i.se 
5 m 16,f 13.5 l.®8 
f so .. Bl.e if.i 2.0s 9 8© m.f 14.f l.®6 
At Midterity • 80  ^ 14, T. ll.f l.fE 
^ats mm%& M to'siamlat# grazlag^ateut 6 wmka aft«r 
^0ftt« mme^ iulj ? w.I»b ia ®arly '•'tooet" stag»-aTs>out 8 weeks 
after ia«rg«a®#. 
nitmgm fertilizer, HB' i»ff«ft ©a ttie staad of the time ©f 
r«m©Tal of the eoap&iiioii er©p wa® aot slgaiflo^at, Mt tto# 
imt«ra«tl©a lietweea dates of 0OB^iiioB--ei*op jreaoTal amd rates 
©f nit»gea afpHsatlen mm slgnifieaat, 
fbm stani ©f Irome g»ss in tfe® 1947 ©xpei'lmeat was ia-
flweaetfi fey tetli tto» dat«s of weaovml asi yates of applioatioa,. 
litrogea applied to cats r©»0Tei as ta grazing signlfleantly 
imprevei tie stand'of teom#, fewt mhm applied to ©at# ttot 
wem.mt m Imy or at »tttrity, &© staai was reiuoed at botli 
l0T®ls of aitre'geiir • Mmmmimg t&e eats at Hie earliest date 
was sigsifieantly' better thmn mttim aatiiiyityf liowewr, 
mtU.mg m did »t iaprwe' tile staai as empar®d 1» t2i« 
tete reaoTal. 
fb« hif yields fi»m IMf «:^#siwmt d© a©t ©atirely 
r«fl«©t til# iiktlmum of 1^® c».t r«oTal datt on tlie staad of 
th# sefdiag, -fli© hsy ©ttt ia 194S fimm %is «XF#ri®#Et was 
@oiip©s#d lai'gely of alfalfa, i#ll® ^e' mmt mrked eff«©ts 
ea itaM w®r© sfeowa 'by b»m« gyass, Wliil# '•ii# altTOg«a ap-
plicalieas r®aM©«d hay yi®lis» as compared to ao-
sitiogea tr®.at»at at ail dates of r®a©iral, oaly at tfee lat® 
r»oTttl dat© was "toe Aitfmxmm hetwmn^ aad 40-poand 
appli© aM.oms sigaifieaat. At appli® ation rates of 0 md 80 
pou^s of aitregca tim hay yield was sigaifioaatly lj®tt»r 
wliea m« o«t® wrnm r«aoir©d at •1ii« lat© dates mm iii®a re­
moved as ia srazi^. 
-i4-
ffee mmlta ©f Wm Wm mm l#ss mmtilu-' 
Mlm'tUm meat of fe# li4f 'ffel® earn %e psrtlr 
t© tie small gr@wtli ©f ©ats sfti Vm^ Xm ytspeas® 
t© uitmgm am# to 4^ psiiei ia %« ©arly mmmr ©f IMS, 
la %is «3cp9irl-ffl®iit stsjit of aJf'alfa'Wss gisslfleaatlf im» 
^mmA-whmm m% e«^ni©ii or©p was wmof9& %y tfa« gev«!iitll^ 
w#«k, as t© tli« staai. ©at® w«r« r«0T«a at 
staat of toTO.ae grass was .aot slgaiflaaatly 
affeetet Isf imtes. Osij wlita mta w©3?« apeaofei at ths-
s«T«s^ w«0k aft«y wt» bay yl«14» sigaifidaa-ay 
ijettey te'sa yi«li fsea plots ©a i&leli ©ats *«!« »a©T«a 
at harwst, 
flj.«se «x^.riaeBts- giv« soa« •Mieattem feat wltli the mso 
of relati-rely tolgb mtm of mitmgm^ Etaai ef tM# »«©ilai 
aay ImpTOWi by mmmml <&t lit ©at ©oafasl©a erep befoj*® 
afttiwity, -Qiey# ia mme lattraft ia im^irtasiBg grala 
yieMs ^«a ia isoreaslag yltlts ©f ©at toy lij the us® -©f ai» 
tKSftm f®rtiliz#j. Host fM?airs wh© iBt«sd t© ewt tM® oats 
for jfesy w0Mli mlifetly t© me mmj ©f sit3»g«a 
f«r*M.lia«r ©n oats# tt»wf0s«'ttiis fflffeoA ®f retiisisi mm-
feetw««a m % ©©mpantea eirops so a l©^a®-g.raBa 
steal SI® w^wia Ha^r© pwietital valmt oaly ma««3? sp©©l®l ©ir-
©naitaae#®.. 
f* Stands ana yieMs.. of alfalfa m& hmmm grass 
with tbiilag t-la^g ef a-gglloatloa of 'Ait»lea td » 
Aaettep of reiticlag eeiapaaios erep oempttltioii 
,iaf©«tigat#t ia %is s1»My isTQlwi tim @.ppli©atioa of ai-
tr©g®a f#i*tilia«r at •wrjiag stag#! of ©at g:emth* la a 
gr#®iib©ms# ©speiriiwat Sefieto iZX) feuaS tiiat oat gmin yieMs 
eomlft %m wit it Isss vegetatl'T© $mwth by ttiaynA ap-
plieaHcm of Hit3»g#ii fertllfcer. If tl»»« resiaXts ©omli t>® 
iwpiiestM fieM ceailMoas, s«iBnm ©at yitMs wltli a 
ffiialmiia,'of ©catpetitiea %i»tw#®a tM® .eats asi the seeding 
sbouli lb® ®®©m3r#4 by using i@la:p4 sfplieatioss ©f aitrogeiii 
glftaa. aai p3»e»flnir«g» .Sa:psipim»iits wem ©eatitiot«d at 
the W®stt« I»a Ii:i»rimental fani la l©4f aai'li48 ia wfetefe 
Taalow Itf®!® ©f aitregsa w©r# appllfta, %& ill# ©at® at dif-
f«»ttt perf'^as amri^ tii® growth ©f ®ie oat«» In a raaflemizai 
hlmk ®xi»rf,ffi«at cnnd:uct#i ia lf4f, fomx' r®plieati©as wer® 
*i»®i ia •Aie'li aitsogea ferHliztr was appli«d at th# rat«s of 
©, BOi 4©-&a# m pm'xAB ©f iiitK>g«a, pes mm at s#«ii.iig tim© 
aat at 1, S,» 5 ead f w«®l:s after ^ mta ttii 
9xperiM®»t was l«.at®i oa Mosaaa i^lt l€«a s©il. A tesie 
••applieatioa ©f 4© poeMs of pe.|? mm m swp«rp.,feospkat©' 
wa« «.»««! oa all plots. 
fit# lf4@ «:]Q!®S'iia«at was ©stafelishsi, &m lia silt l«ia 
®©tl aaa a. laaifem applieaMo-a ©f 1^ pomaSs mm of Pg©g 
was appllet te all plats. Six replicetieas of treat®©at® wer« 
ttse^-ia a raademizei' block exptsdieat v£th niti^ges'at 
jrat«s ©f 0, SO., 40» 60', m& .120 pmaia per aoi-e applied at 
a«eii,ag time ami 1, 5, i and f wrnks aftcf »ts • 
•Stmd eoiats m& fi#M ieterrtlaatieiis wem mi# ia the 
nana©? pxtTiottsly ies©rite®i. 
fbi iattaaity of aiali^it tt© ^m&pf ©f oats 
yeealvlag varleus rates ©f ait,«5gea appli^a at tfee aif.fer«iit 
iates was a«asm»d witk ,a testoa pliofegraphia li^t Mstsr to 
•ieteimia® i^ether tai® liii® ef •applit'attoa'of aitr©g®a in* 
.flmeaeei t&e oBSuat ©f light rea.s}liiag tto«-0««3i]^, 
Moistup© eontaat ©f ,%# sttcfae® seil was *asm,r«i at 
Tsryiag ijat0i>¥als during iSie Mt®y stages ©f oat growtli, aM 
mdia-^ye aoatemt of the sub-soil wm^ also asaswad iaaediately 
after ©at tertest* 
leiftlts diseasiiea* a® r«®mlts ©f two ©xperimtata 
eftafelisbid te ntvAj tfc# staai yi«ld of toregmw grown 
wi% 06.ts 'te viiieti nitmgm fmrUJLizms? applioatioas w«r« i»a« 
at diff#r«at atagea af eat growtli ar« givea ia fell© IB. 
la tfe« lf4? stmiy ©«.t fraia yi#Ms wtr® ©igaifitaatly 
ia©r«a»®d by all l«wls of aitrogea. mmpt whm t&#y w«r« saS® 
at tfc» l&at iate# s«T©a we9ka aft»,r oats ®m®rg«i. fl» low 
yieMs ©a plot® r®©®l'^sg the lat® applit&tiea wem probably 
dae t© i#lay®d aatmrity* a»la'oa t®»se plets was mot ©«mb-
faM« in* stand aafl yielt of alfalfa M,tli miyiag levels asi times of applioa-
tl©a ©f uitrngmn fertilizer added te mt es^aloa camp. 
1S4? If 18 "g^peflaeat ' 
Witr^«a Oat ' . ^ .Oat 
appli«4 yields Oraia-styaw Alfalfa stand Hay yielis'^ yielis ©?aia-®t.Faw Hay yfeM®* 
lbs/aei«' 'bm/mwe yatio- •plaats/sq .ft. teas/a<ii« M/a©» • ratio toffis/a©!*# 
Moaess silt Isaa Ma silt loam 
0 at.2- o^ai ^ 25,9 3.tg 20.3 l.gi 
At -plsuitiaa; 
m S4.f O.SS, • 8S..8 g.f® 3S...S o.fi 1.10 
m 4f.a ©...84 ES.O. g.81 30.4 . o.io l.lt 
m - .- S1..1 • 0.8g IS.© 2.35 »«.® o.s? i.oi 
1® »«,».» m^M o.ii 0.S4 
1 irk, i aftejr 
4i,^ O.fO • if.® 3.04. afi.g O.SE l.is 
40 • ig.l 0.91 M.O S.©1 2®.i ©.?§ 1.12 . 
8© as.f ©•§2. . 1®...# 2.4$ . tf .1 O.Sf i,m 
1^ «NkM«»4Ml' S6.2 O.M i,m 
S wtes. after <Bimmmmmi, 
• m ig»^" ' • 0..8f 21.® S.li g.S.f o.#o i,m 
m 6i.i o.is Bg.8 9.OS 2S,S o.si 1.11 
m fi.f 0.9S 1».0 s.if gS,i 0.5» l.Of 
«»«»«»tm- • «M» wr •>•»•» «-»- 30.3 o.ss O.ff 
S wka. af tey' ea»m«ae«; 
• 8^ S4.4 i.OS M.S g.fs ' Ef .3 0.18 i .if 
4© §4.1 O.S© S4.5 •g.fg 38 0.5® 1.11 
80 fl.8 1.00 14.Q B.m gg.S 0.S6 1.01 
ISO 2f,9 o.st l.OS 
f wks. aft»r•emergen®®J 
20 "•'' ' 4i.i" i.so g9,0 3 .SI 2S.S o.?i 1.2f 
40 43.f 0.63 Ei.3 3.14 2S.f 0.74 1.S8 
80 42.i O.fS as.s S.^ 24.8 0.?f 1.1ft 
ISO —— gfi.a o.?a l.Og 
lO.S 6*3 O.SS 15.5 •• 0.-® 
stgBitieaat fliffereae® at tto.® sr 
^Hay yields wem for yeai- follow lag tbe i^sjr of seediHg. 
I. 
«« 
plettly fiitofl at tej-Test-tiB» • At Ifee 20»poiiM rates ©f ulti©* 
^ g#a, ©ftt yl^lis w«r® mt tiga'lf'liaiitly redrnttd fey ielayei ap-
pileatlens txeept at last iat®» fb« gr#at«st at grata 
yislfls fmm 40 aat m pomad applieatloas re«itei wHea Hi® 
f#rtilte#r ws afpliei mm «ai t&r®e weeks aft#r ,»m«rgeBe«. 
tt® grain-straw rati© was aot sigiiif leasatlf aff®®ted tj tte 
time ©r ©f ,attrog®a .^pli^aMoa,^ tot th«r« w©r«' 
iiadi© iitt©B© Siat uitmgem. appliei at pl&atlag tiii® aay result 
is a lewtr gmim^strm raM© tlaa ili«a oats w«r® fer^ttllKei 
oa Ife# first, lalri, or fif-tt. wette. !&• lew grmla-straw rati© 
frem plots ©a ae-reatfa w«0k Is t© low grain 
yields, 
a© alfalfa etaai ia ft* lf4f «xperia9at was r«im0«4 by 
tb© se-isuai appll©atl©a ©f ait».g#» f«rtlliss#r at. all dat«s 
©f applieatleas «*#«pt Ife® ^last* , H^#ir«r, applleatlems of 
B© ami 46 pounds df iiltr©g«ffl dti met sigaif i«aatly redme# 
©taads, as e<»par#i 'te tiiwk, at mj tet© ef applleatlea, 
,Ftrtlllz®r afplleatlems, Mifl#: at 'tfe,« last Sal« AM. aot slpilf* 
l:©&atly .i«er«aa« hay yields* fbls wai p»Mtoly •&# t©' tlia 
fa#t tliat eats la iiies# plots g&m llttl© r®spea®e 1» tM« al* 
trEJg«a"f«rtlllziir amfeeapetittoa for wll aoiatttr® and sua* 
li,ifet was aot liier«a»#a* 111# EO-poniid rat® of altregea 8lg» 
•olfieaa^y rtdti©#i toy yi«14 ©aly wtoa appllea at piaatlng, 
•wliil# thm 40-p®i»i- rat®' r«fime®i -yi«lis-©f tiay at lan# first two 
iatts ©f sfplieatioa aat tii« St-peimi rat# at thm first tiire# 
-St* 
©f appllentiea#. ftmm iafiltaMoas ttet atlsyei ap-
pliaaM'OSs ©f aitit5.g©a teve mor# falmt ia protesting hay yield 
a®0r®as® nsbea hamrj applieatioas ©f nltiogea ayt m®«i. At tfe® 
^-pomai ItTsl ©f aitragen applieaMoa., St# 1ii» of appli©ati©ii 
hai little effeet ea yieia of hay, Wlffei, 80 peianda of iiltr©g»a, 
hmemv, fee reduottoii in h&y yi©Ms de©i^tas<&d pr©gr#ssiv©ly 
witl tslay la tla« of spplieatl®!!, ttm ie0r«as® feeing O.tO', 
0,?©, 0,5@, 0..S1 ani O^Og tea© feir mm,. r«®i»®tiT®ly> as thi® 
;ti»« ©f appllealAem was i«l®y#i, ftes# fiiff#r«ii,©#s are r#lat#i 
in geaerml t© tli« iiioi-ea®®® ©fet«im#€ ia tii# yi«M ©f «mtS' as 
simm is flgtir# S," ememie^ It. i^ll,, M »©%•#€ taiat yi«lis 
of oatfi witli to irf ait,r©g#a w«r® aet -greatly r«iw«d 
ly ielayisg tl® applitatlom •%©• § aaa S wmMm afttr emmsgmm, 
at eoaperei' to applying it at plaati'ag tlm«} wter®a« tim «»-
diictdeas is yield of M.ay w«y®' eoly atiomt oat telf a® larg©, 
telag 0.58 aai O.Sl too®, r«sf&©tifaly a» e-c»pftjr«i witU O.tO 
toas wii«B •ttie applte-i at plaaMag tia«. 
1« ©at, yi#lis is -tti® lf48 «3^eilaeat ay® pi-©fealily 
SB® te re.latiT«ly wapRiawstive lia »®il ©a whioii •^y were 
growa aai t© ttjafavera'tel® eliaatie ooii«iitioa® imriiig growiB® 
p«ri©i, Oats ga-ro little rtepoas© t© nitiegfta awrlag this iry 
sftasoa, S9T#r® shadiag- «ff«©t» womia a©t fe« ©x|»o,t»d under 
#ats wii©r« tis® yielis w©r® s© lew, Wtoil# th# hay yi?»ias w®r® 
met signlf ieamtly af,f«ot«<i %j la# f®rtiliz#r, tMm wmm indl*-
@ati©B» 0!f a tr«ad taward h.i#i«r yi«lis oa plots r®-®«lTij^ 
Flgtir© 9. a# ylslds of omts aaS ©f fe® follewteg toay 
©»ps at Tarflag leirels ©f' miti®g«a applied 
t© ®at8 at CP) pXanUng aai I, J, 5 amii 7 
wmks aft#? ©at® «ii&3pg«4 at the W«st«ifJS Iowa 
K3EPi',rtaeatai fam.,. 
YIELD OF OATS, BUSHELS ?Eil ACPE YIELD CF OATS, BUSHEI^ fSR ACRE 
v*> VJ» o VJI O \J% VJJ Ut o Ov o 
YIELD OF OATS, BUSHELS PER ACRE 
VJ* •>3 o vjt vjt O o v*» 0» o 0^ 
> 
•73 
t-* 8 
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w w 
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w >.« 
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i 
YIELD OF HAY, TONS PER ACRE YIELD OF HAY, TONS PER ACRE YIELDS OF HAY, TONS PER ACRE 
-fg. 
sp pile at! OS. 
€#lay©a -.afplteaMoiis ©f mitmgm to oats 
resmltei ia le-ss ©©ap®titl©s l#tw«@s ai«' mmpmlm 
#jf©ps* ttii .redttetiea la ffli©»f«tiMaa w&§ i.@©©apli®li«4 wltMent 
lairg# «t@'r#as©.« ia oat yi»M"tf tM mppll&&Um was mt telay«i 
fe«y®ai «i« tfeird wmk aft« ©ata' 
fte ^#te©ti©m In ©oapttiMea |i«-tw#«a "fe# mmmnim or®p» 
Is stem Ir- tk® piy0«attg#s saall^t'a^ea^liiiig tb-# alfalfa 
BmiiMg* I^ight iat«iisity »&aiags aai# mmim Umim4 '©ats ia 
l&« lf4f txiwiiadHt lasiieatti tlia.t plots •mmlri.bg 40 p^vm&M 
p@2? ae» ®f altregea at t&e fi»t,- -tiifi.# fitwk wemm aft«3? 
©at ftwrgeae# 4§,- IS, m& 4§ fer eeat mme wsli^t, 
mspetetimlj.^ 1» ptatti^at# to me s«#iiag tli-aii flat® r«©)iift.,iig 
tlift SOI© ammn% ©f nitipogett appii©4 at s««ll^ tiwi, 
lbs #ff«et ef aitie.gea ^fertill2#» ©a tM# ecmpttittcm 
mts -ai^ alfalfa swfsjaion tt'dps, f&w ®©li aeiste'i"#. »ay 
als©'fe« -teiaytai mm tla# uppllfatlsii.:' Soil 
smplm of tfee mpp#.r six l.ii«ik©s t^m iMs^iiattly after ®®,t 
h&rf-mt ixGrn plets 3»®#iiriai 40 p^miiis fet mm ©f aitr©g®a 
at 1, S, S, 'sai f wmks 6t-tm Mm9B% t,®., 
1©»4 «at 12'.S per ©eat seistwrt #a m« w®i^t lasts. ' a» 
tli« pmrmmmt wilting p«,i-©e»tag« of t&ls soil %m appi?oal»t#ly 
it Is peasiWs' 'Itoat itiglt T^ims cf af|»li»i t© 
m%s at fiastlsf er »m& aft«rwa3?as may t&« mimm 
sell aoistet t© a lm»X t'rttieml fm %• «all l#g»#8.,' 
Sell t«ap«ratmr«« la plots, 4© pomsta ©f 
aitr©g«a at se«aiiii aai at 1, aM f vmkB after oat 
' ernmg^Stm iit aot "raiy grtatli". , ffei« afwag© «©il t«mp©ratmr®« 
witii ttoiis# tx«atosBts w#r® fO.O,, fl,S,f fl.g, ami. 7S»0®, 
j'tsp»iittT«ly# fteaptralar^s a» air©sa.g«« #f mm& 
t^»a at i..8 laetoes fe«l©w tfa«i aurfaoii. , 
gy3ei!t.fflgiit S, YitMs. ef. setaians dt.ff«3»at smeiaaa ef 
Flan® 'ana Aaettey stufiy 011 »8t^©as ©f 
eoapetittoii teetir®©ii ®ompi.mio» •erops ©©a©®xMt spaeii^ 
of tbe oat «©spaai©a erep. Dsilllag oats ia wi4e ifews Ms fe««a 
mtei «iie@#8'sfmlly t® e©mf«titiea l5#tw#ea tli« 0©»» 
paalea erops fm- aoistur# in mm of tl# mm% mM status |2Sg 
gf|, .'UiAm the> l«gai» aai gs-ass s««dliigB aart plaiit«i b«tmf®«ii 
He wii© drill r©w9, •^y als© r®@eiT« si gj»#ate'i? lateasltF ©f 
tmliiiit turn s®«aiiig® ia fer€i«ft#is.Bt ©ats« txpuriaeat© w«r« 
estaMli®h#i'at Hireo loeatieM ia I«a ia lt4® aaS at &m 
l©oaMoa''lii it4t t©''stiiay tli« • tff«©tt -©a tli« st«i «a yltld 
©f te©a© graig. md alfalfa of "pleaitlag Bitre.g«B«f«rtilis#i 
©ats ia r©w» ^aeM ^,,'l4,"aaa SI iaeteaa apart as ecmparaa to 
fei»ad@astiiig. 
• ift tli« If4$ meats aitTOg«a waa adiM at,^« rate® 
©f 0., 4© aM iO p©miils par aer« at t&eli 0pa#i»g tmmtm&t 
ia a spiit<^pMt 4®siga with f©«r r«pii«ttt4eas., Smp«rpto©^kat® 
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faWe 13, yields of dats aM stands sat jitldS'Of 
i«gais©»gfass Taxyiaglefsls-©f 
altTOg@a f#rti,lizer applied to ©ets plaat^i 
at diff^irtat i 
i 39@diBg litregea Oat Grain- stand eoMsts 
Ky 
yisMs 
0®"! •rat«8' afpll«€ fitli® straw piaut»/«t*^^* teas/a 
spaein^ Im/aar® Iha/mem 1 rati© l©gn3s«t grass lt49 
1§48 W« isteja Iowa Fxi»3: i a«atal I,farm. ! femesa Silt Lot iia (Alfalfa-bro a# gross f' 
iTOadeast 3.© • 0 SS.g o.si li..3 a.3 
g© 35.4 0.S4 14.? 8.0 3,43 
' 40 35.i 0:.4f ^ 12.0 6.7 3.40 
ao 36 »® 0«§3 f.? 4.0 t.®6 
f",Drill ^ S,@ 0 33.i 0.63 16 ..3 "1 QE ^ JLw # O 4.0S 
• • 20 • 3?.f 0.58 15. f- is.o 4.16 
40 3@,1 0.69 IS.i 10 3.63 
8© 4S.0 0.58 11 .J a, 7 S.4® 
14" Brill l.S © 38.1 • 0.?® 19.7 14.7 3.87 
80 3i.i 0,66 17.7 16,0 3.65 
4© St.g 0.64 18.0 11 .# 3... 45 
80 40 •§ ^O.Sf 15.0 10.f 3.so 
21»». • Birill !•© 0 Sl.f ©.6§ ' • m 15.7 3.70 
g0 . 34..i ' 0.61 24.7 If. 3 3.65 
40 37.6 0.6S Sl.S 14.0 3.40 
80 IS ® w • m ^ 0 .iO S3,7 12.7 , 3.13 
' 104® w»bst#]r Cottatyv * ebsttr llxtw«) 
&roeie,a»t S.# © 0*65 l.@4 
go • • 41»0 0*5f 1.81 
40 433 0*54. l.@4 
60 • Sf*E 0*41 i,®8 
3*© 0 4f4g 0.61 1,®5 
SO 4f.@ 0.50 1.70 
40 Si.E 0.80 1.4§ 
80 iO*.i 0.50 1.57 
14" mm l.S 0 54.0 0.6f 1.86 go • ^ is.® 0.4® 1.70 
40 54.0 O.'i^ 1.77 
SO &S.4 o.ii 1.75 
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tor aitr@g#a applltoatlaa® ©r ©f p2a.ntimi ia w#fe* 
s^j- ionaly ami tte# If48 Soil CoasearfaM.©B fa» #xi»3ria«ats 
aw# to uafaforabl® ilioatie coMitioa®, 
staai ©f alfalfa i,a lf4S <i'mperi!i»at at •&.© Soil 
Cdai»ifTati©a fa» in Page Oenatf- mm ii©t slgalfltaatlF affsntet 
toy S3pa(dag ©f "Hie ©oapaai^ eyop. l«M©T«r, «i« averag# staaA 
was gmmtew ia tliii- 14* aaft ai-lasb mm plats, ptotc^raplis ©f 
tii« 3»i ©imer seMiag ©a 1Si« lS4t, Sell eoas«rvati©m ifxp^ri-
meatal faim, wigmrm 1©». 11, aisi II slmw i&«. r®«mlt» ®f 
spmeiag ami feftilizaties of tH# e©mptai©a orop ©a staaS aai 
grm^ ©f ikm smMm» la t&l® «xpj4m«at Mj ji«ld»,tak#a 
ia- "Hi# fall follicwiiig srnw&lm mm sigaifieaatly toy 
®0-p©i»mto ©f aitf©g«a at all ^aeiiigs. H0w#T«r, lay yleMs 
ia- tli« wii«-®pa©®i pl©ta wer© a©t sigaif i@antly iJiitt#^ tfaaa 
tli©a# ia tli« plots as i®«a ia fafel« 13. 
ftoi# liglit planting- rates f ©i? mt® dii not ©igmifieaa'^y 
imflmmmm yteli .ef fellwiag lay erep. ®iis was also 
tame ia aa txp«iisi©at r#portti' in tli# Appaadlx. 
ft« ratio ©f gjraia te straw in expeiimeiit at tli« 
W®9t«M tm% txi»ri»iatal fa» wa® liieriias«i ©» t3a« aT«rag« 
fyom 0i.S3 ©a li-eaaeast ©at pl©to 't© 0.,ig, ©.fiS, ma q.m for 
©ats dieillfti In 9, 14 aaa gl-imob TmB r«sp®etiir«ly.. ISiis 
m%ma %m iaer«m««a oat ^graia yielis ar® a©t always aeeompamiet 
liy iii0?#as«S v®g«tatiw gjowtH aM Wkm ©©ap«ti1^oa 
fey light aai.»istw» was proMbly l#»s ia arill«i eats, *&LiM 
Fig*ir® !©• l»i eiow? two and. oiis-lialf aeatli»' aftiia? hai^'St 
of t6# ©at companion e^reij • wbleto was l^reaieast 
flaat»'i «i r»oeiv#fl • |1) • 0, •••1^3 ^0, aafl tS) 80 
pdmato &t aitrogen mm Sell C-oaewra-
tioa i3Eftyi»ata2. Fajm ia l@4t. 
BDCST 
W N 
S«€ ©ievir two aid BssattaJ after liai?'if®st 
©f ciat oompanion eydp i^leh wm drillM ia 
^•iatfe Tews and receifti' |1| Q, {t) 4® aai (3) 
iO pamais ©f nitiogea ,p#r acsr# at iti« Sell. 
G©ii«#3?mM6a fai» ia li4f# 
1" DRILL 
^0''n 
I 7"DRILL 
' 80" N 
3.2. le€ elevftt %m nmtlm aft«r tearriist 
©f t&« ©at companion crop wki©fe'was arillei is 
»ws aM j^oeiveH H) 0, (2) 40, aai 
0) SO foaaas ©f Biti©g«a p#r mm at -Mie S®i,l 
0©ss«irati6a Fa»,la lt4f. 
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' W N 
Figtaw 13. a© ri«lSs of'eats ••aai'cf' tii# fellcwl^-Haf 
orops at diff^rea-l j^aeli^s of tfe© ®afe©m-
panion crop and Tasrylug levels of aititsg^a 
fertiliser at ti» Iowa ixi»iiia«atal 
lax-m. 
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YIELD OF HAY, TONS PER ACRE 
is «piia®ia#d by liglit aai s©il »@lato# m®asBjp«»at«' 
mafie-eit t&® «a^rim«it at t&# Wmtmm tmm ?»3E|»3?ia®a%al Fam, 
isteasitles at 1^® anflar mtn f#^tiliz#i 
witli 40 pcmais ®f mltref^a averag«i 3®00, 4f©0, fMQ, and 
.#600 f©©t»'0aiidl#s wimn ®at« wi»m fc»aiea«t, d3rill«4 ia 7,. 14 
iffli ai»ia®Ii TOWS r#sp«etiir«ly« ft® liglit iat^M ity iettwiaa* 
tieas wmm aai# miiiaiy, July £3, witli a ?l«8toa smaliglit illrn-
mimUon wt«r wh»m Mil mullet inttis-ity was tOOO foot-' 
candles. Li^t usasttrfanats w^i'# mi# fe«twi«a me row® i,ii -fe# 
ixillii oatf* 
la' tto."# Western lewa fepefiMeatei tmm, •3ip#ii»at, ,seil 
a®iatey« ^'attst ©f pl©t«- plaat®i t© breateatt, ani 7, 14 oad' 
21»iaeli irillfri eats af#rag«t f •?, 8.S and 11 .g -pmjt mmt 
3r»»i«ttiT«ly f©r .ma 0 t© lE*ia€th Jails' ©f s©il aai 12*B, f*l, 
lg»0 ant, 12,4 pef ®tat r«»p«'@ti?«ly, f©jr 12 t©' M-iaeli 
luF^r ©f 8©il« 
flfflt m«a®i»«i«iits ©# red ele-wi- ia 1S49 ©at spaeiag 
#S3»3?iiaiia.t at tn# Soil Qom r^rA^m Wis^ w^mt&l Wmm iMieat#t 
tlat l«gaa#® grows i^tli te^Meast «t» T0mi'wtm hemy appliea-
tifsaa ©f nitmgm wmm eiailar ia mmy eh a,ra# taxis tie# t© 
jl«t« gx'0wa m&0r Mmry stea.«s is %# ,gr*«iife©ms#* f&t ®ir»rai« 
plaat tei^ts ©f l®®uia«s s#»ia«td -wltii ©ats rmmiHmg 0, 40 aafl 
iO pernnia of iiit»g«.a per acre mm S4«0, l®«i aafi 10,g iae,ii«a, 
j?®sp«eti.T«ly, ia t&« broa.ieast'plmteA ©atfif IS.i,, ll,i, ana 
9»© iael»»^, if#s3p«etiwly, ia «ts irill«4 is f-ia^h »owaj aat 
aos-
tMtfwtr# 29,E, aaA 13,0 iaelieo, rtsptotivtiy, la oat® 
4rill#i" la. 81-»liie'li tows, flie sfarag® l#iigtto of primary 
reots ©f those Itgiaes Is th<9 fereaitaat eat piota w#r® 12,S, 
11.,© aai -5,0 vim'm 0,- 40 ajaii s© f©tmis of sltrogea wti» aM«t| . 
lO,i, 9,0, aat f,M la^ebas ia t&# f^ineli 4rill«4 
eats aud' IS.i,, IB»$ a4 8,i iaeUss, x®spetl'"r©ly. In eats 
irlllti la gi*laek mm at mm sam®'to*wl® ©f mltr^egea. flman 
piaat .a»iiswr©»ats w©i?».tak»a ia S«pt«to#r ©f 1S4S» 
• f t i s - p l a a t a s  w a l l  a s  » # t  l « i i g t h s ,  w « r «  r « « i w « S  
1^  ait3p©g©a f#i'tllisati©a mgm^ Mse ©f sp-aelag of tii® 'Oats, 
Ifew®v#r, &# i-eittetloBi we,» aot s® gi-^ at witk' l#gwwis se«d#i 
with toilled ©at# ai witli ttt6s«,^ s#«i:#a witk te©&iemst mts» 
• • l¥«s. thetiili is gf»ii«i*al ©aly s®§ll oa.t yfeli lBc:ri(a««s 
wmm ©^tat3Q»i fr« aii»i al%isf«a in tl»s# ,<ixp«iria#3ats,' lfe« 
aresttlts f»a tli«8« suggest t&at saluttea t© 
tilt, preljlim of .reittelag-.©©ffip«tl^©a l#tw#«ii ecMpamloa ©reps 
id®L«it i«]r«asliig ©afyltMs,. m€ ©fetaiaiiig g©M 
staads a®a-.yt«Ms ©f s««diBg.»'ia dry s«as©as, my %%• to plant 
grala ta 3?®Jjittwly wli« raws, lewpwr, ttaa©y aaay mn» 
MMm» wms 14 iaetos wii® gt mart *y set •pra#ti@al i«® 
to we®4 litf ®statl®a., 
I^itwi«B f®3?tlliz«s ,a» 0n ae«t Icmra »11» t@ 
oat yi#Ms} hmmmTt ^s«. ©f f©xtillsssrs 
-110' 
©ftta la«sr«as«s «li# wspstlMes l^etw^aa m%& aifl Ifrgumt eem-
tallica m0p&* A.practlial i9»m©t,of r#dtt@liii '^is c©ap»titloa 
ttomli %m ea# iM lAfcl mt ySuMs mm mlatainei at a toigfe-leTnl 
rnimmt a in m# foll^lag haj crops,,, »• 
m8«€ la a ^^«liajlmFy stiiSf ia attempts t© r«iae« eeapaaloa 
©ffsp. tompt'^Moa w«y« aet 9ftme%im» 
l#iiieiDg tl© yat# @f plaatisg ef ©at# 4M a©t slgaifieiiaiay 
laft^»a»# hugr, yielis ei^ sii«tlag,,^ .^laly plaatM ©ats 
fitodlit to ttat tli« t@tal iwafe«r «f .«ilw» *«• 
atemt #ttt&l ia all pl©t« ir«gajrd.2«,ss @f 'fea mmMw ©f ptr 
aer# f2aa%«4» f©r ^i« reasoa toapitlttoa ws.s aot 
r«ia§#i,- ©f tie oat irs3?i#tl.«i t«8tisi wat littl# 
iiffti^ae# in 1&®,lr valan as 'e^mpiaifta ew&^m tot aad 
gra»s @#«4i^ags. p,M@tt$« «f mtmnim *&• 8t»w t® 
tb# ..stttfetsl# ttf t«r Isarimst at «. steit f©? t&t s«i«iisg iii a©t 
tapr@v« yi«lis @f bay followlag fieip}. aef-flli appliea-
tleas ef aitTOg®a «i« s##aiag aftfjr «t iarT«st ia-
©reas* tit bay.yielis la tlie fo.llowiai y#aip. 
otfeisip witii©4s ©f Beiu-tiaf plaat eemp^tiMaa w«r« ftudlM 
BO^# ©xtsasi'^lfj 
1» • 3p«ffi©Tai ©f th©,. ©at ©.©apaaiaa erop ,at |»tl©is 
buf©!*# OBturity Sid. aot always sigalfioantly b«ii®fit ta« 
f©llowlag l»j.yi«M» ll^lag of oats unless ioa# #arly r»aalt® 
la', the le®# ®f tli» g^ala ®r©i5 Ma may iajar# ttos s«s#aiag If 
4©a« te# •arly ia t&« »as©a» • H©w«v«r, are'^indicatioas'" 
*111-
ttet removal, ef oat# at six ,te s#ir«a w#«ks aftwr «B9rg«iie« 
aay l«a»fi®lal-to • tti# s#®iimg# -
stags ©f •xeept wlmr* ®ppll#t V9Sj 
lat® g«a®»al3.r •&» ©at ytsMs as «t«imliiiit ameunts 
apili«i at 8«#diag, f&® ma#, of aitj©i«a t©p*tr<is®ings tanfl®# 
t© mmXt 1» tettw imf flilis tta.a when 1ii« »«# amemut® ©f 
•ai%i»f,iis appli®4 af plsstisg ti», 
i.t Drilllsg eata im 9 te 14-inch s-ewe aay hm a prmetieal 
a»%li©a r®4aoiiig @omp«titl©a li#twi«a tb,« ®e»piaii©a «y©p8. 
©ats ifilliS la f-lneli rws f#i»f8ill|r yf«M#i 'tliaa 
toiro^ayteftfit ©ats at all toTels ©f attj?©g«a, Intewitlea 
at se®<iiag .It'Tal tfilled eats'tb-an breaisast 
•lit-
mmuM* tjiscussxqm 
^ .ar# 'tlie k«f M mm Mlt stations, &m • 
i!X©#i2.ea%: toy aai faster# emps, aaafi are wM»iy m»«d %.© 
ppwii# Mltrogm aai sell ©rgaai# matt#? f©y soil l»f3f©'?#-
»at, 
Fsilmj?#® in l»gta« Btmis ftteetioii ia yi#lfls ar# 
a's®3ri0ms prebl^i ia I®wa. Fart ©f tiiis failtir# of •&« Bm&lmg 
©aa fe© attfifemted t© tii# laer«as®i ©!3iif«titi.©a l^ etwtta the 
l«gttffi» mt its fertllis## ©at toapaaion ©3r©p» fins mM f&r 
mom iaf&mmMm m tae aatuye ©f and t&« ways ©f rttfiaciag 
iaii» «»s|}«tiM«jii prcmpt^i tii'©, iiiltlatt#a ©f Ifels wmBsat&h* 
Witto tli« wia#spr#ai ma# ©f improTci, »tiff-8tMw»a ©at 
Tari«tl««, aitrogaa f©jetlllz#r has %e«ii {pit® sme««safmlly 
to ,laer«a®« pat.yi«M».' la fO'«:^«iimeat® eoa4iiet«i ia Imm 
•dmring mn^past'alx fmma, #sts gaT« sigaifi©ant tm^emm' 
t© mitmgm ia S§ p«Jr ««at ©f tii« steflins. 13w gr^iat^st 
yi«14 iser«as# p«r'a»it ©f aits©f«a^ f»rtilt»©r was ®litaiii#i. 
f.rda affli©ati©a» ©f SO peaads mm^ teat thu^liigteat 
yi«M# w©r® @©*©B.lf tmm tlt'a0«,©f 40 poasd© of 
aitrefun •01' meire, «ite#pt ia dry yt«ri. • 
' fto yi«Ms'0f lay folleida^' altreg«i f<?r1Ali»®i ©ats wmm 
sl,gaifl®aatly'>#da©#« ia afeoat m f»f mmnt of «Eperia#at»« 
a# yl«il4 »ia©ti©as w«r» a©t ®mtim^ to aay ©ai «*• 
g»88| li€w«T#rp mO. elmmx apptartd to b® aff«et»t'•»«»# hj tfa« 
®«p®titi©a tban alfalfa ©j» sw®#"l, ©Igv#^# ffe# liaj' yl#Ml y#*» 
imetieas r©«lt fi'da imsir«aB«i e©ap«titioa fro® m%» 
r«sp©iid.iag te altogta ftytllteatloa.* iaer«a»it 1» v«g«!ta-
$ioa fejrtillamMom is ge^^aliy gr«at«ir ttea 
tli» ime»a«« i» grain* fbts T#§«tattv« »sf0tts# wmf par-' 
tlemlsfly feamful t© mmi-img*' 
fli« •e©mf<ititloa fe«tw««a cttmfaaloa crops is priaarlly 
tm stialigbt aai soil molsfeiirt* Gemp^tittoa fep s®il aatri«mts 
play a aiao? part la staai aa4 'fimM ®f swdlags. 
Aiiei' p'toosplieras ettm imTmmm 'tte staai aai ©f tli» 
l#g«®es, 4«3t:8 not eilmiaat® tiiis detrimental of al- ' 
fertiliz®!' apfltet t© pruvious «t erof. 
LlgW iiai«3r fitrtiligsd ©ats te® SO f«r 
#«at i<w«ir tliaa mnt«r ®ats,, 'la grwato-on®# aafl 
fli»M wilii e©iit3!©ll«d •l%.lit iiit«asitl#s, It was aotei 
•feat at li^t i#gttwrs aM^grasods aet only 
•Bak#.3».»» top grcsflftfa, m&t igirtlepwat is «!T«a moj?« 
tostleally ©«rtail«€. IM#!" a'8«v«y« tlai# ro©t® of tfe« young 
»aF to* •eoBfiBfta t© ttpptr i t© 10 imima of soil, 
mm plmta ar# mi. legam® aoinlattoas w«r« 
, «!»«• eeaiitlons eaua# l«gw»» s««€llag® to grow 
sl#wly as4 fi-eitttff st si»ll©w i»0%' «« wb«B ®©iip«tltiea 
f®3r ©eil meist«r» 'iftvelep s,. th«y m&j mt aMn t© ehtmin 
m©tsttt3?« fmm tfa« e«rfa@» »©il to smrim periods ©f 
.jpalaf&ll,, s©ll a©i»tii» wm fow.B4 t© fe© mm 
• %hB wllMsag^ f«»«atag« at- ©at tarv«st ti*» in 1,§47 ta W«st#j»tt 
iowa., A eaalalaatioB ©f Im ligM liit«afl-lti#s., r««lttog ia a 
»4tteti®ii-ia. »©t isv-elofminit ©f tM 8«(»€iiig» low toil •• 
aoiitur# may fe© tS» ©&»»• ©f a©st ®f tl# failwr«a ia -s#«aiiig 
staatf aai ©f low h&f jUlis Wxe mm 0t f«lativ<ily 
rates @f ttitrog»ii -em- a&ta# 
'Sftwarml Sftthtxia ®f r^duci»i *tti« ©ismf«titioii l«tw#«ii eoa-
•fsalea -tye®® .wiiif# stMlaA,# S®*# #f tM&e mthoia mot 
• f f « 0 t i f # ,  m i  & t k « m  w « r «  s o t  p r a e t l t a l , - •  © f ' a n y  
©f. tin »iiai«is will iaptaA l«rs#ly mpem mil mA el.imati0 
©©iititi©»» ®f tti« mm& 1» wHitte it Is te fe# ms«4» 
&me> prsllmiaary •3®trla«ats, mot refortti is. thesis, 
tod iMieatet «i&t rat»'-©f plaMMug ©f e©a-
faaiea ef'®p-4ii mt s®t«riaiiy l«ii#fit am4iu§., as ttilmly 
plaatei eats a gm&t fe;r st©©liiig irb#a 
f«3rUlla#d» .tti'fi-.resmlt^i ia m aiaogst-naif&'m pepmlatian 
i-eg^rdltss ©f t&# ami -ofiglsally plaat«i. »a-
f«i?tilis#a ©ats ©i* oats gR>* m sell- ©f lew ff-eimetlTity 
gKiii^yally a© a©t ©t©dl psefm®-»ly, tet miiif' %!».«# eomittlems 
t1^® «oap-«titi-©a tmm mtS' is pretefely sot gr«at at, laiy ^at# 
of s##€tag. 
- -0«t 0ti*aw r#tiiri»€' fe, ttie stttfelil# e?t#r l»rf'#st ss- a 
frot«©tl-&a t&T tn# ysaaf s-feaiii-g,i?om am Aim s©tT«®«lt 
la m la©?«aa«S yi»li ©f th» &ay Wim fellrvimg jmt» 
•13.5-
Aa aMitipn ©f nitm^grnn to «i« l.#^m#-grs»s s©«fiiag aft#r 
©at ha-rtast als© fail»€ t© hay yi»Xi» Hi# follijwlag 
wm'rn 
-wm itttl# dif fnxe^a## la ©f • tli« tJaM# ©at 
•aj?ltti«« - Clintoa, lari©aj> mi. Si4i •- as eeapanida ©reps# 
fto«s» f.arl«tl©s •wrn'm frotefeif mt s«ffl0t#iitly <llff#i»#Ht la 
Mbits' te Qmsw say •ra.s-fctti;©as ia tie yl«W. ®f 
»ii«4lagi., ©tli«r ••raritttes that stow grfiat*!* &itt9Wmuma ta 
^mwth lablta mmj aate# mmm iasltalsi# mupmwdos. eyofs t&aa 
®a«f« t«8t«4| Iswtv®!', emeii mm mt e'ewealy §Twm ia 
lata, at %• pmMmt tta®* 
•laia.y 'Qt oats was not a satisfactory 
©f «r®p easp«Mtloa,-as th« yemsg «#«aiag'was 
fr©%a'lily la|«3r«i fey' t]^« fj?«qm#mt ©iiffiag • Gmttii^ t&# «oa-
p&aidn ci»f ..i-^iatltwly lat«'for kay li ,so,a®tiae8 fetaefielal 
t® lii# limt i» aet yet'CwatMni sla®# tto« oat 
f»ia yt#l,i Is ©fiinasily mms l*p©i*tast tlsaa Hi,# oat My, 
S«#iiag8 ®a fl#ts mmMm appit®atieaa. of al-
.%m$m l».i a»»«witat fettt«f ataats aaft -yl-^Ms man itios# oa 
pl©t» aii«i at flaattai. Sat yS«Ms w#r# 
s©t i*ii4a©«i ©a Hi# St. fldts if tfe^# iitti?®g«B applltatloa was 
net bey©^ tM« wmmk. aft«i" plant «a«rg«ii©«» a® 
iredttetlea ta eo«i»titlon ffom m« i#lay«i ^p4i©atioa» ©f al» 
tirogem. a« ©«far#« t® apfliea^eas mi# at »mMm Is' pfofesbly 
i»# to m« sam'Ite'S' wg«tatiir« fiata .iatis apfllea-
-ilS' 
ti©a of altr©g»m mj als© i#lay matil mttmw 1sl» 
s«#alag |ta» m ©pportiialtj to #staMi»h«d, . 
.Aaotfcfir m#<ti©i @f ^#dttetms ©©mp»tlMoa fettir#«a eompaaioB. 
#»jsa.wlttettt ©at fteMs apis'srs t® li© tiiat of 
irilliag ©ats ia jrnJiaMvely i»i4« rewi, ttil» a»^ 0i i« par-
ti®iiiar3j adirifia%l# f^#ii ait»g<ia Is .appli«a to 
ii# ©ats, Bmm «a dyili. spaeiagt tlit 
mt yields la a«t ©aa«i»., am w« ©f gi-iaeh iriH 
spa© i^s. ,kaf© ^mwm lap-aitleal. la m©»t ®a»«s im« tio w««t 
iaf ea., 
Wfeta @®t» ajrii plaat#! is yews, "ib#. teftton »«#ailag# 
g»w mi>m m^Mlf la #airl|r scrims mi tswiep a d##pir mot 
sfst«tt l»«#a»g# ©f i-ftimttri e©»p«tlttO'H fm imaligMt ml molst^jp®. 
©6tts»qM«atlf %»!• «p« ia a f#«itl©a. to stw-rlT#' i©w «0ll 
ttolstni?« e©.aSitiocs ©oiim©m la thaa ^ai#a 
pi.«atc- liiiel bmm a «lialJ.ow#y reet ^»t#a aa4 taaaet ©fetala 
tmm tins swfa@« aeil.. 
It wottia spp§ar f3»m Ifels sttiif-mat f©r fo.©fi staMs aaS 
ji#Ms ©f iiss#i? ^^ piiea^ loa te oat 
@emptai©a ej?ep« sto©mli m©t mme^ Xj 10 pemMs ii«r aej?# 
©a 'breaieaitt mts* EmmmsE't ttis Is mpas 
lev«l 0t mm. soli., me larg«ir s^ 'pHoaMoaB m&j 
msei @me®«ssfaiiF ©a l©w-pr®iiisia« solis# Mt«. a5pli®a-ti©m» 
app«aar Id %m thm applleattoas aad« a% pl^ aatiag# 
slieiiM ¥® apfll^t idth p&©ipto«ms f@j? gpoi 
' -3L3.f-
growlto. Altaicwgik pl»pli@.rms idea set a i#-
©reas® la. tibie staafl sai yt«M of fmm iiitir©g«a'| it 
§.ms "iaii-eas# Wm jimM m pfaeii5torti«*i«fl«l«at i©,iis. 
• slae« it app»aW' from feis . strndy liat tb« y#itiDti©ii la 
hay yi#Ms f©ll®wiag aitrogea «t8 ysanlts pri-* 
Mariiy fmm empottMea fm iigM.,. &nf m^o& ©f »itt©i.ag 
lit« »mptiM.oa will gtniiraliy mm It i® lew yinMs ©f 0m 
®f «©«paBii5»a eropg. It is for ,tii« tmm»r t© 
©f th»s® ®.r©f® --Is tit« »«t imfeytaat %© lata 
«0oa©»f. If h&j ptste:# ©wpi «»'ef friawf iapdrtaat®, 
tjtoB sc«« saerifl©# im mt jimM mw .Mir» t© .ton •a@®«pt#(l t© 
insmr# io^i staais aafi yisiXSs ©f Ujs o-tti#.!? 
l»iit if oat gi-aia jlalis w* ©f iapertao®#, tli«m 
to«aty applicat4oa®-:«i,f • AoaM. we«4 
mgaritess mt &• om t3i« • la -^lis ea»« a 
fall' stftiing' might %e ^attieal#- m«-iiois tBir#stigat«i 
lieW' for »iltt©iEig %i« ©o»p«titi0B, lf#tw»«:.a eospaai.®!i ©rops 
©ffej? :sc»« pmaibility fer a ©©apr^mis® 'fetwwBS ttes* 
mxtmmme* 
• • SliMASf 
©at yJbMs miii«3p most Icwa 
eoaiiMoas, feat mm^me feii.iigs'ateat a r«diieti©a- ia tli# 
felleisiiig liay yi«lis» 
•f A Gt «x|*t^l»iBt® was" ia tl»« gr«#iifeom«» 
and toadilleriS t© stiitr aa1«« th« ooapnti-
ttea hrntwmm mlti©g«s-f«i'tlllsj«i ©at# aafi^'tiit l«gwBi#-gya«» 
eoapaaiea erop# fhm r«s»lts ©f ttmsm mxp%Tim»&t» aaf b# 
siitta«rlz»a as fellowai 
1. 'All Itiufflfts ma grmm^B ^i»a3r»a ^t© %# 
affeettd ttet ©©ttpttltiea^, feHt 'mi ©lev©!- yiislis wera j?«». • 
dae«i- to a gi»#mt«r ext»at ttiam ill.©®# .of alfalfa or mmt 
©level'* 
^:g*. stasis 'iiia yi«M» ©f alfalfa aj.ft teoa® gyass w«irft 
f©ll«rl;^ mi%mgmn apfliea^oas whmm aa «t . 
eaapaaioa ejrop was a»®t, teat w«r«? set si^'if ieaatly 
tb«' ftt^tiiis»r v&m a @©ffi|jaiiioa- cr©j» was mot m«€* Br©w» 
grass'' s#»d®t witiieiit a aars# eirop ©ft«B glf«s liig.i»^r yitldf 
ultrogfa is aii«€'. 
i* Hiaa light liit«aif'itids w«r« r«d«©«i.to l«ss tliaa IS 
p#r @«t ©f' fmll imolii^t^ grcwtii of th.« s#«iingB wa« 
r«itt««ii Tb« gr©wtto'of' reeta was parti, ©rnlarly saall uai®r • 
s«T»r« shaalmg.*'. Alfalfa mo%» fail«i to aoiiilat# imi«ir ttoiSif 
-U'f-
eoaaitieas. 
4, Qm Msis of thmsm exp«ii,splits» ©oapetitioa for 
iiglt aff«ars to tli« seet ©riticsal fa©tor In-relTed ia 
rMma'tt.oii of h&f yleli followiag th« ferMlizatioa ©f isats. 
5., tail® llglit -ap-prnm te tmtGT mmt ©ft®®' limit-
lag tli# gxewtlt oS til# s««diiig» gmwi vith^ f«rtlliz#a oats, soil 
moimtam mmj als© ©rlMeal fi«M, wiafiltioiia. 
twrltieraor#, sliai©4 plants amy wm'bl#' to eoap^t# as w#ll 
tm soil afelstai?## 
®, Mini ptosfteBS f«rtiliz.«y nay immm% tli# S'tand 
aad yl«M ©f le^@i®»s, hnt &.ms asf el iiiiiiat# • tli« i«trim©atal 
of tl© nititsgea ©a liay ef©f» 
SifVeyail •ttuttoieis ©f j-Mmeing ©ei^Mtioii to#tw#ea oats 
imt thfi s«#iliig wmm flsist r«smlts may suramayizfsd 
as foll0w«'j 
1* stMi#s that refine!eg tii« rate 
©f s«i®diag nay sot ' nff«-©ti"r# ©B-seil high Iji availalJl® nl-
trog«a itt« to steollag ©f ©at#. 
2,. §f thym mt varlfttl#® t#st#a was llttl# Sif-
I 
fei'sa©# la Ife^ir vaM» a» ©ompialea ©rdf®. 
g', lit3?©f«a fs.ftillznr ©3P ©at itMW appll»a t@ 'Ifet 
s«#dlag' art«r .Q&t imi-wmmt dli sot iapj-oir© li&y yi^lA®, 
4« • Sarly of tie eats iii aet always laereas# tfa# 
staai ©r yi«l€ ©f feay. MS^W t© tti# ««#ilag may haw r«-
tmlt«i tmm tte fr#tw«at ©llppisgs.. liewiiit ef ihm m%6 atewt 
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A&msp i* Bmm fuvthsT «i£f«ilaeats m tk% ir#latioa ©f 
ii^t %!»• g,i«wth. jfflgjpi four* Bot* lSi3@i-43li, itS5» 
latt®, A» 1*, ami 0a«sl®r, w» #, ife® ©f rftiite®# 
llgMt iattasity m the atrial m& mhtmrmmm part®' 
@f tli» Bir©p«'ata liatw®®i* Plast aysi©l» .B0j24l'-8S5* 
lf4S.., 
Bl:a«toaa, §• ». fli® iat#yaotioii ©f light tateasity ami 
altrc««a sttpply ia^tk# growth'aad metabolism of 
g3ra«»«f« aai ®l«5T«r« Ann. Bet#, Si2Sf-8Tt. IfSS* 
ilatteaii, 0. 1. ead imtter,' A. mM, 
til© distribution of the blm®b®il, mn* Bet# 40j 
8S1-390. 1946. 
' *&« lat®3fa©ti©a b#tw«®a li^t 
' :' iataaiity &nt mineral autrient suffly la t&e grcw^, 
«<! dev@lopm#at of the bluebell. &m^ i©t» 42s ISS-
1®8. lS4f. 
» ®ie int®m'©tic5m betw«®ia light 
iat®iisi%' aai' miktral autri«at «pply -in l®af deTel-
opaeiat aai is the m% ^ssiailatiem i?at« of tb@ blu®» 
• ; b®ll« Aaa. Bet. 45sl-». 1S48, ' 
• aaS '  • • •  f i B  i a t e r a e t i o a  b e t w ® « a  l i g h t  
••• iiateasit^ miwr&l autrieat «pply on tlie wftai® 
of nutrients by the bluebell. Aim, Bot« §8j4SS»4if. 
1949. 
aaA Templ»tom# W, 0', ®i« , iatetastida ,ef ligbt 
'' ••'' •'"lateiisity aad nitr®g»m ' supply • ia-tii© grewtb. ani 
m®tabolt«i of gr&s»®8 aad clover#-* ma* Bot. Zi 
765-741• 1948* 
• _ " « lnt®rii#ti©a of ligbt' i»t®m» 
'sity'and iiTlrS^irTOpfly in the' git®wtii ami- a«tftboli®m 
'of grasses and ®l©f«ri.'- Ana. ^t. .4j553-IISf. If40> 
lurkbeli^r, ?',• R. file r©l« ©f lig&t'In' thm I If® @f plaat®, 
l©t, 1«T, 2:1-5S. •im$. 
-igi-
^3.. > fb® la--ai® llf® of plants# 
feet. 1«T. gsff-lfii lfS6. , 
lg,„ •Gai'roll, J. 0# lff«©t8 ©f drewffet, t«iip#fata-r© aafi ni­
trogen m tmt ira»»®s, flamt F&fsloli iSslf-W,. 
1$,. Cfirion, Paul L. The effects of varying r«t#a of mltro-
gen fertilization on tii© recovery ©f aitr®g@a toy 
eats ©a dlffer«at soil types,' Unpmllistoi II.S," 
ThmiB, tots, Iowa, Iowa^ Stat® eolleg#• Li^rspy* 
I'M?. 
ICf Ctopa^an, C, J. What w@ l«arMi'alseut fertillzsrs la „ 
•Wiseonsin' A»r. Plaat f©oi 
4:30-21. 1«4S. 
li,' Gl®»ata., F#-l, aJai' Is&g, 1'. .L, . fttr^tsr ®tuai#i'©f 
©longatioa to a ©xpassioa In Hellantteg pliytomettra^. 
Plant Plip»l©i. 10:637-660. 1935, ~ 
^ • ' ' > W&iiiver, J# F» aM Hanson, I.' C. 'ISi# natar® 
• ^ ' Mi if©l« ©f competition.. Carnegit last. Wa«k. 
learteook. 2Ss25g»2S5. Ifa4. 
If. nibhem, C» ?®g®tativ® rwjpoa## ©f Biogms ii»»i« • 
t® ®#rtalB' varlatieas^ in envlronmtatT iof» ®asi." 
. 10iiM-SB. Ii4f. _ _ - . -
18. B©a@®a, !».. D. litrog#s in retotlon to' ©espetitloii, 
growth and yield of wlieat. Wash, Agr# fxp. Sta, 
Bil. 296. 1934. 
it. IM'sgaa, <!.• H.,-' mmeMp. O., f. ant &i.rlis#a> *% I,., Spring 
©at variettes for lllinot#. Ill# jlgr» Mm* Stm.,'' 
mi.-, 481.. it4S. 
SO. IspinOj'K. faaataleon, f. Iafla&a«« of ligMf upon 
growth and development of plants «i'tfe r®f» 
erence to tlie comparative effects of irnmim lii^t 
and of afteraoon light. Phtlifpin# Mgw*- ItsSiS-
S?6, liSl. , -
gl. Q«ri©k«> 1. F.- studies on the effect of altrogm applltfl 
t© oats &t different periods, ©f growth. Ja@a?.. See. 
of iigron. J"our. 14:314-319. ItM. 
4Si-
ZZ*"- Siofeel, Ctemaajr. r®laia.©B. of Ife® fioll mltregaa t©. 
a©iai.© ievel©pa«»t tafi-flxatlea ©f nitmgm hj 
e «rtala legmm, 1. i, Agir# Ixp, Sta., iial, 436. 1®S6. 
gSfc 6©i«i| 0. L. Effmta @f hiafy witl ife© ms# ©f -
on -fee deTOiepaiiit ©f w®«4s afii er©p». 
Sei. Air, 19;21«3g. IfW, 
S4k' Relation b©t*iss yat« ©f s®edii^ ani yleia 
®f cereal crops la mmpetltiom with weed#. s«i# • 
16;165-168, ISii, 
i5. ©fay, 0, F, ©f ligkt tntejwlty to fmit settlag 
ia th© sour eM«riy* Midi, Agr* Htp, Sta, fueli, ®il, 
ISS,. 19S4. 
Z&m, lerace J. ef wrn ^'aelag'ea'm® yi#M ©f 
small grain amfs#'Set. Agron* a'omr.. 
3isfS6-794. lf4S» • ' " ' 
2'^'. » Wli® 3?©w plantsag ©f small gjpaliM', (t© 
^ tallisb »«®t eloTer ®fi4 l®sp®i#»| * -©lEla* Afr.. 
SEP, Sta. Bill* B-S98. Ii4i. 
gS*. Eai'i'i#, .IrMik •'fte# ®f g©il m0l«to3?e, plaat 
fo©i» and «g© ©n tbe ratio ©f t©ps't© »otJ in plants* 
m»'t* SoG, ©f AgTon, Jour. ij®S«fS« lfl4» 
gf^. .a^iaisto., A-. m& lofftiaii, M» '!• fh® rats ©f ptoto-
8yatli®si« of apple laaTs© maS«.i? »at«ral .©©aMtloas, 
M» t. leornall) Agr. fxp, ita, ail. Sff. it33. 
,iO»^ lupkias, K. t. The «f •!#&§ «€ stert iayt Md 
shading on nodule'iefitlppaeat asfi eoiapeiitiea ©f 
«©yb#aas. Soil Sei. ' Strgtf-ii8. ' 1«SS-. 
il.- f|«®s#ltoa©ii, f. A.,I Aai#rsoii, Artliar m& l,ym®»0», W. 1,'. 
^ Cultural praetl©®s in wlat©r wlaat profiwttem.' 
If«tor. Air. laEf.. ata,. Bal* S8®« 'XfS4. 
SS# llatef, Earl H. W, le©l©gical crop g«©gtephy, l«w Torlc. 
, 'fbm •Matmlllaa Co, 1942. 
Si.* Laiiritaea,, fete 1., lraai«i, ®., ¥•, ani Matz, |tilia«. 
Iafltt©a#« of l£#^t iO't 'tittperater* ©m Kifsr.^aa# 
afti' @rt»«ims« Jour* Agr». E#s-» ?lil»lS. 1S46. 
i4.' M©atioai'ry» 1« C©Bp®ti-^©m ia ©«r®al... IWr. Agr. • 
ixp* B%&, MX, 11@« IflE. 
-124-
L, B* r#i"lilia«*-pratti©#® small gwoim aad 
l®giia»8 ia I©wa. Aasr, 'Blm% Wm€ Ims?, liS-S» 
lf4S, 
3i«' •' , Lawtoa, Kirk, and Blaet* §, A, S®©«at is-
Testigatioas of tlie ms-pomm ©f eats to teftillz^fs 
is Iowa. Soil Sei, Sm, ^.ir. P»'0. • l©j2S5-gSf. 
1946, 
ilelifm,, l.'.l, aM Pierr«» H., SitTO^m 
SillliafttloB ef mtB aM its rela'ti'on %& etimr' 
. 'me§s la t%e jrotatleii. Soil Sei, Soe, .Mmit* Frd©. 
Il,i41f-«i... Ii4f, 
Si, •I»aTl|*®li#ake,, f,. i:, aafi Earrinston, J, B, ' i#v«l®f» 
m«»t ©fwteis aa« crops in competiMea «ai«r dry 
farmli^. Caa* fear, B«s,, 10;'?f»f4» ' liS4, 
^ Root i#Telop»eat of' w©«is^ sa4 
®r^» ia @©miJ#tiil6a ^ maa«r 4ry tmmlng* S@i, Agr. 
Iiil51«li©,. ,1WS. 
40. F#iifo\in<5, William, f.,, 53^^! m&tmmy as ©«aitioii®d -by 
light lat«ii«11iy aaA soil »5istmr## Mbt, ITcwir, Bot, 
18;55i-gft,. i®41. 
41» F-©Pf, leary t. A playsiol©:gl©al itiiiy ©f lii«,eff#©t ©f 
ligfet ®f varioiis raat## ©f' w®.*® l«agtli ©B-grcwtb. of 
plasta, Amer, Jour, Bot. 13;706-73S,. Ifg®, 
4B. ^ effect of llgiit intensity on growlii^ ©f »:oy« 
'• • b«aiis- ••and its relatiem to the autocatalyst tii®03qr of 
^ • irewtl., lot, daz, • it;30@-S20, 1926,. 
4S,.. lateaae&er, B. tJbar den Liohteinfall bei W'ipt®rg®tr©'|€« 
Iliad Wint®rfifruchten und seine Bedeuntung fir die 
• ftiuateraMtaag,. ?fiai»«bam lft;18g--B01, 
4 4  •  E « 4 i K a r y  F .  F - f f e c t  of vai'iations ia "til© omomt ©f , 
available carbon snd nitrogen oa tli« growth ©f wlisai 
s « © 4 i i n g s ,  . 4 f f l e r .  J o u r ,  B o t ,  l i s 1 9 8 ® ,  
4S* -Salmoa^ S, C. ' aeediag saaH graia Im 3fmr»i»s, ICaM,., 
Agr* 1^. Sta.. 'feeli* -Ittl,' IS* If24. 
41.:, Shirley, lardy L, 'tSi« 'laflmac©i of ligM latunsity 
' sM liglt qaality-mp^oa tfae growth of'flaiats.. Mm v. 
l-omr, B©t. • lijiS4«Si0, 19», 
-3.25-' 
^ • Light -iisasMraieats. 'Plant 
»r». • #i44f«»4#©. If31, 
. MgMt as aa ®©@legioel faet©3r.'aid its »§.&»-
ttrewnt. lot# lev. l$SiS-^8S«\ 'WS'S# 
^ ti#t es m- e0olo#0al faotor bM its a©asmr«-
' i»ilf• l©t. lef, lliJif-iSg, l®4if 
i©, r Strnfel^r, I,'., 11. Shade- ®a.i soil aeistmw as-f®©to3?s ia^ 
,e<«p«ti%iea %@tw#®a e«is©t«a fie-ia ereps set fltli 
bindwiwt, oonvolTulu® ar-reaai®, See. of Agroa, 
irour. 40i 490-502. lt4S. 
SI. , Stan-kty, Irena H. Influeac# of soil, t«p©ratwr« ©a %h%. 
•itvelopment ®f colonial feemt grass. Plant P!iy.0i©l, 
17ai0-lS2. ItiS. 
•sg. ,, ttattli®r, "i:. I.-, Ifill&ri, B.'J., mM Iswis, 1. B» i«tt«r 
a@m-©4s 0f te«Aiag ffi«aiowa." oiiio.- Agr. l3Ep. Sta. 
fcl. SS,S. 19Sf. • 
SS. I^ratr, Hiomas tfatt. S'Uidies of fti« »#baais»« ©f 'tti# 
pliysiolQgital mttm&ts of e#rtaia Biseral salt® la, 
•altering tb® raMo'ef'top gr©wth te root growtli ia 
seed plaats. Aaer. Jour. Sot. f;41f«44§. litS. 
84.,, Iaflii#,ae# ©fsQii eoail'tleas, f®rtiliz@r 
tf«ata®ats, laid light iateasitj-'©a growth, ©hmmiml 
@«fo@itioa «t eiig,ymlc ®®tl¥iti»s af sugar b®«ts, 
Miel. ABS, Sta. Teek, ml, 108. ItSO. 
i§, , W,atlcin#, ims-s M. The growth ha felts, a3ad &hmmiml eomposi-
tl©s ®f hmm grass, Breay la«rai»» L., as affeetet 
diff«3»at ©mrirooiwatal «^adi ti©sB. .Amr*. S©o. 
®f If res. 3'®«ir. 52ji52f-55'J'. 1S4#. 
S@'. Wilson,, H. 'I, Contrel ©f a©,3rl©tis plaats. lot. S®v.- lO: 
2ff-S2®. 1944. 
i f .  w l l s d a , ,  P « r i T ' * •  f i i # .  M © e f a ® a l s t r r  © f  •  © j m M e t i ®  a i t r @ g ® B  
timtiea, Maii«©a,_ Wise., ®» Ifaiir. ©f wife. ,,lf40. 
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Appendix table 4 iCeatiam^i.) 
- g«am Sm&mm -
S©ar@« ©f Tariatioa 
of 
dtsmft 
gifsss" 
stitsd 
. Hay 
im ^  ' 
ys.»iis 
' IM • 
fetal 
IMS *xp«ri»»t 
31 • , 
Hftplicat«s 
Companion crop (C) 
i?xp, ?rrer A 
• i 
1 
. a ^ 
4.. Si 
180 .iC-
B.4g 
11.46 
itis.W is. so 
|i)0,l8?S „. oasio** 
.. O.S#fS^ 
... 0.0224 
Mtrogea rittna |M) 
K X- C 
txp. 1 
s 
S 
18 
18..5®* 
S.4? 
7.8? 
38.58* 
6.ZQ 
monXmB*" 
{S|0.:®0»S 
, O.Ofgl 
... O.04Si 
, .. 0..6SfS 
Cemfarlsoasj 
" Sitj?©g«a (If) 
© m • 40 80 
+ - 6 !• 
t 9 • • . 
© + 0 * 
1 
1 
1 
go.g 
14.1 ^ 
l.S 
0.0001 
0.011S 
0.O48t'''' 
.. o.ooil 
0;014S 
OiOssi 
^:itiogpn CN) X Crop { C )  
With crop i:C] Wiiabout orej Mc) ' 
0 26 40 80 © to 40 1 
0.06 
22.56^ 
32.06^^ 
1.00 
ie.06 
«• + •  ^ 0 •"* 6 0  +  0 + 0  -0 •• 0 + ^ 0 
Q' "' 0 1 1 
1 
O.Oli 
0.0S4 
o.oss 
''Slgiilfleast at tiwi ^ lw«l, 
**Slgiiifieaiit at tli» ImrmX, (Coatiamed) 
App^Mim 4'(§eatiiai«4) 
' K»aa •Sgaagftg 
of' AlfaJLi'a grass ^ 
S&mx'm of mriaMea fy#»di» -gt&ai staad - ^ if4f 
1948 <0011 til Fliili| 
ftetsl 31 (Sf) 
l«plleat^»s • . 3 24.20 1S.» 0.8666 
Companion ereps m 1 205,03"' 1023.7®^'' (1) 27.3076 
wxp. ^rroy A S 7.78 3i,m (4) 0.1S76 
•MltTOg«tt I'M) 3 19.8®^'' ID . 0.3491^ 
M X C , S ®.8i g0..,g8"'^ CS) 0:.lf44' 
*xp. wrror 1 18 s.i© l.SO^'^ Ca4| OiOfOS 
eompayisons; 
mtrog#m. |») • 
0 m m m 
-f- •• 0 •d 1 O.StfO 
+• Q - 0 1 45.6*'^ 0.7S0© 
0 + 0 ««» 1 . 144,0^'' S».l^^ •0.S02S 
»lt3?ofi??»a • Cli X -Cjrop (01 
wim &rm I C )  Without. ©r©i 5 (C) Q SO 40 m © o o iKA 10 • 
-h g 0 -H •; - : 6 0 ;•• 1 Q.m I4.0i^^ O.llS 
-0 + 0 + ©.- ~ 0 , 1 f,S6 s.oi 0.544' 
0 - 0 + 0 + 0 1 4,00 §6,21^'^ 0.141 
*Sigalfieaat at th« 
**Signifleaat.at ttt« 1^ Iht#!, 
-IM' 
App«iix ta1biii"§#; Bi# &t ©at® mA lfe« stani amd yifsld 
®f tti« rallowing hmy ewp wi th • vai?ring 
ratts of pMiittJif ©f 't&# • oat ecaapsaioa 
erop ^'oa Moa©«a 
— • ^ ' "Iflf ^ ^ -
lat# @f 
plaatiag 
fem/aar# 
l®<t? 
Oat yl»ld® 
wjmm 
8tmM eowiit 
BlaBts/fQ.ft., "" 
alfalffii , teip&a# 
1948- • 
Hay yiwlts 
teas/aer# 
1*0 45.8 •m,M ' @.:g £.01 
l.i 51.3 16.1 B . f  g.os 
2.© 51.S zia 8.0 g.M 
S.S 55.8 ai.f 8.3 g.is 
3»0 52.6 Sl#@ 6.0 .g.io 
3,S ' 57.6 If.f S,f S,g4 
tafel# stand ami. #f alfalfa and hmm$ 
. -gmm witii -t-ari#!!#® of oats at 
eoafasiea ejrep« ©m Moaoaa silt loam in 
I94f. 
Oat 
•fai-ittlas 
alfalfa %,;rc»i itass' 
"""  l iL  
.i€S aaj 
tmB/mowm 
m • ' 
eilat©a g§.7 iOtS 14.i 
Marfoa , . Ef ,,J.. If^i- 3.1 *5 
€,!• S84® BS.f • a,2 ' 'lS»B 
8.S 
6,f 
®.-3 
2.1® 
l.S® 
gas 
2.OS 
g.io 
g.61 
(1) Alfalfa »«#a«a at^-rat# ©f i pimmis &aA bTOisigrass at 
Ig pemai®^ p«!r-aer#,-
(g) Alfalfa at'rat# 0f,4 i©mais aai teea^gfass at 
®'pe«ai.s aew, , 
tabl# f», '^1® of alfalfa-brom# grass .wil^i 
0 and go pounds of nltrog^a .appllwi a.ft#r 
thp Mrf^st of f#rtiliaiiia oat ectepaaloa 
crop on Monona ®ilt I©!® la, lf4S» 
iit;r©i«5a appllis-i 
ll>s/a«!» 
fiay jl#lds. toms/aor«f -
6-I'bs/aer# I"' g§„l0s/aci'fr :M»"' 
© 2,21 l*i© 
g® 1.86 1.90 
4© • 1.91 1.40 
-m • 1*51 . 
kWxm*- ji«ii , ; i..8fV' '' 
""Witmgm f0^Ttillmp applitA t@'eats at plas'ttai.-. 
f«r,till25f«tr applied't.0 0««iliig after ©at toarv#st. 
A]pp«a4ix tail® 8» flftld of alfalfa vaiylag l»tf»ls 
of altrogf»n fprtillzatioa esi'wttli oat 
straw loft as compar^xd t© mmov^&.attmT 
harv«»st on Monona silt leaa in 1948• 
»itr@g#a appli«i 
Ifes/asjr# f:i«M of m%a M/mm 
'Hw yiftlfls 
itraw r«aoT«d 
, teas/aor# "• 
Straw 
•Q ^ • 043 .• 2.83 
• Z Q  Si.i • , 2.31 8.115 
m g.43 z , m  
^ MQ SS^S -, E,31 Z , Z Q  
mrnTBm ^ Ol 
